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ABSTRACT 
The Aquarion Water Com'pany (AWe) has funded several research studies.Performed by 
graduate students at the University of Massachusetts at Amherst, including this research 
on the Stamford, Connecticut water distribution system (WDS). Some of the recent 
research has been performed in response to the pmposed Stage IT 
DisinfectantslDisinfection By-Product (DBP) Rule (S2DDBPR) (US EPA, 2003). Due to 
the new requirements that fall under the pmposed S2DDBPR, an initial distribution 
system evaluation (IDSE) o~ the Stamforo WDS is required to locate 'potential 
monitoring sites for compliance with DSP regulations. Between July 2002 and August 
. 2003, three field study events (summer 2002, winter 2003, and sunnner 2003) were 
conducted on the Stamford WDS to calculate water age at different locations, as well as 
pmvide a better understanding of water quality (WQ) including temporal and ~atial 
variations in DBP concentrations. in the Stamford WDS. 
A cOmputer model of the Stamford WDS was created by Haestad Methods. The field 
data and o.Perational data suJ1Plied to the University of Massachusetts at Amherst allowed 
for the verification and lY1PlicatiOn of this model. The model predictions of tracer 
concentrations and chlorine residual were similar to a majority of the field results from 
the three sampling events. 
Water demands during the three sampling events were calculated from operational data 
stmPlied by the Awe and used as the water demands in the model. Field tracer studies 
for all three sam.Jlling events were modeled by !!J!Plying the step up and step down 
concentrations measured in the Stamford water treatment plant (SWTP) clearwell 
effluent. Field measured :free chlorine residuals were modeled by !!J!PI)'ing the free 
chlorine residual measured in the SWTP clearwell effluent, and a calculated first order 
bulk water decay rate based upon field measurements. The model.Jlredictions of tracer 
concentrations and chlorine residuals were compared to field measurements of fluoride 
concentrations and:free chlorine residuals at locations in the Stamford WDS. 
Mean hydraulic residence times (HR.1) were calculated via F curves of the tracer 
concentration data The model over .Jlredicted the mean HRT at the locations by an 
average of 33% during the summer 2002 event. During the summer 2002 event, the 
difference between model.Jlredictions and field calculations of mean HRTs ranged from -
38% to 8oo/o. The model over predicted the mean HRT at the locations by an average of 
11 % during the winter 2003 event. During the winter 2003 event, the difference between 
model predictions and field calculations of mean HRTs ranged from -58% to 54%. The 
model over .Jlredicted the mean HRT at the locations by an average of 15% during the 
summer 2003 event. During the summer 2003 event, the difference between model 
.Jlredictions and field calculations of mean HRTs ranged from -33% to 120%. On 
average, the model over predicted the mean HRT at locations in the Stamford WDS 
during all three events. The model most closelY'predicted the mean HRTs at locations in 
the Stamford WDS during the winter 2003 event. 
The model jlredictions of chlorine residuals were COIl!Pared to field measurements of free 
chlorine residuals at locations in the Stamford WDS. The model over llIedicted the 
chlorine residual at the locations by an average of 9.8% during the summer 2002 event. 
During the summer 2002 event, the difference between model predictions and field 
calculations of chlorine residual ranged from -63% to 127"/0. The model over predicted 
the chlorine residual at the locations by an average of 15% during the winter 2003 event: 
During the winter 2003 event, the difference between model predictions and field 
calculations of chlorine residual ranged from -10% to 40%. The model over predicted 
the chlorine residual at the locations by an average of 49% during the summer 2003 
event. During the summer 2003 event, the difference between model predictions and 
field calculations of chlorine residual ranged from -60% to 450% .. On average, the model 
over predicted the chlorine residual at locations in the Stamford WDS during all three 
events. The model most closely predicted the chlorine residual at locations in the 
Stamford WDS during the summer 2002 event. 
A .correlation between the free chlorine residuals and DBP formation was established-
A'p'p1ying this relationship to the model predictions of the chlorine residuals allowed for 
estimation of relative DBP concentrations in the Stamford WDS. The re<;ommendations 
for the IDSE monitoring sites by Kansas (2004) were confirmed based on the model 
predictions of water age and the estimations of relative DBP concentrations based on the 
model pnidictions of chlorine residuals. 
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CHAPTER 1: INTRODUCTION 
1.1 Problem Statement 
The University of Massachusetts has been conducting research for the Aquarion· Water 
Comjlany (A WC) of Connecticut for the j>ast several years. The research has covered 
many ~ects of drinking water, including the water distribution system (WDS) as this 
rejlort explores. WDSs jlrovide drinking water to users from sources via treatment, 
storage,pijle networks, andpumps. Water quality (WQ) varies within the WDS because 
of interactions with the jlipe materials and variable detention times within the WDS. The 
proposed United States Environmental Protection Agency (USEPA) Stage II 
DisinfectantiDisinfection By-Product (DBP) Rule (S2DDBPR) (US EPA, 2003) will 
change the method of compliance for the maintainer of a WDS. The method will change 
from a system wide averaging approach to focus on WQ at ~ecific locations within the 
WDS. Part of the S2DDBPR proposal is to conduct an initial distribution system 
evaluation (IDSE) to evaluate levels of total trihalomethanes (TTHM) and haloacetic 
acids (BAA) as a function of location. The pU1J>Ose of the IDSE is to find the locations 
with the highest levels ofTTHM and the highest levels ofHAA. 
WDS are very complex pijle networks. An IDSE can be very time consuming and 
expensive. If a WDS model that is accurate is available, then the model will allow better 
assessment of water age and WQ throughout the WDS. The Awe owns and ojlerates 
many WDS and has to decide where to monitor DBP levels for new regulations. 
Therefore, the Awe needs to study their WDS in terms of water age and WQ. WDS 
1 
studies involve both field measurements and models. A former University of 
Massachusetts Amherst graduate student, George Kansas, has reported on field 
measurements (Kansas, 2004). The present ~ort is on WDS modeling. 
1.2 Objectives and Scope of Work 
There are two main ol?jectives for this ~ect of the research project. The first ol?jective . 
is to .simu1ate the concentration of a conservative tracer and of free chlorine residual in 
the WDS. This involved application of field measurements to calibrate the WDS model. 
The second objective is to use the WDS model to S1.!QPOrt IDSE site selection. 
The overall scqpe of work involved conducting field work that included a fluoride tracer 
study, along with the measurements of chlorine residual and DBPs at various locations in 
the Stamford WDS. The laboratory analyses for the field events were conducted by 
George Kansas. Spatial and temporal variati()ns in WQ in the WDS were assessed by 
collecting field measurements of pH, water temperatore, and free chlorine residual. In 
addition to these measurements, samples were collected for further laboratory analyses. 
These samples were analyzed for DBPs, ultraviolet (UV) absorbance, and total organic 
carbon (TOC). Laboratory bottle tests were also conducted using water taken directly 
from the Stamford Water Treatment Plant (SWTP) clearwell eftluent. The bottle tests 
were conducted in a dark and constant temperature environment, to simulate conditions 
that exist in the WDS. At pre-determined time intervals, the free chlorine residual in 
these bottles were measured and DBP analyses were performed. The bottle tests were 
compared to the field results to investigate the effect that pipe material has on chlorine 
2. 
consum'ption within the WDS. 
The three field events took 'place in the summer of 2002, the Winter of 2003, and the 
summer of 2003. The summer of 2002 (end of July/beginning of August) was relatively 
hot and dry compared to the summer of 2003 (August) which was cold and wet. The 
winter of 2003 (March) was relatively cold and dry compared to typical New England 
winters. Both summer events took place during weekdays, while the winter event 
included both weekdays and a weekend. There were twelve sam'pling sites in the summer 
events and ten sampling sites in the winter event. 
Available o'perational data for the field study periods were obtained (i.e. flows, tank 
levels, water transfers), and aetna! water demands and temporal patterns during the study 
'period were detei:mined (or several service areas within the Stamford WDS. The water 
demands were used in a WDS model applied to extended period simulations. The model 
was .Provided by Awe and was based on use of Haestad Methods WaterCAD® software 
for WDS analysis. The WDS model was used to conduct two analyses, one for tracer-
determined waterage and the other for free chlorine decay. The traeer based calculation 
of water age in the network, and calculated chlorine residuals were compared to the field 
data Based on COlI!Parisons of the model and field data, future DBP monitoring sites 
suggested by Kansas (2004) were either verified or changed. 
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CHAPTER 2: BACKGROUND 
. Ibis c~ter provides a review of some of the available literature on the topics of 
modeling, water age, and WQ. The goals of this chapter are to describe the requirements 
and abilities of water distnoution system (WDS) models to describe water age, and to 
discuss WQ and the effects water age can have on WQ. 
2.1 Modeling 
. There are two major types ofWDS models, hydraulic and WQ. A WDS hydraulic model 
uses input about WDS characteristics (i.e. PYle network layout, water demands, and 
information on system operation) to predict flows in PYles and hydraulic heads in the 
network. A WDS WQ model uses system input data (i.e. PYle network layout, water 
demands over some period of operation, initial WQ conditions throughout the network, 
and source inputs and reaction coefficients) to predict WQ at all locations and all time 
periods. An important model feature is the ability to calculate water age throughout the 
network. The hydraulic model can be used to assess the adeg:uacy of the system for 
different conditions such as the peak demand, fire demand, future elglansion, new users, 
and daily oJleration. Most computer algorithms, or WDS modeling software, are a 
combination of hydraulic and WQ models. 
There are both advantages and disadvantages to computer modeling of WDS. The main 
advantages to modeling are described above. There are, however, problems that can arise 
through model calibration and system skeletonization. Calibration involves a<!justment 
'" 
of model J?arameters so that model J?redictions match field data. Usually not enough 
calibration is j)lllformed for a computer model, producing error in model results. 
Calibration, or verification, is performed to eliminate J?hysical or hydraulic problems in 
the model (i.e., missingpipes and incorrec~y modeled valves). Verification is done using 
field data and qperational data, improving the likelihood that field observations and 
model predictions will be in agreement. 
To reduce comJ?lication, often only major pipes are included in models, i.e. smallerJ?ipes 
are not included; this is known as skeletonization. Detennining what amounts of minor 
J?ipes are jlermissible to exclude from a model ~nds on how the model is I!Pjllied. The 
current acceptable trend is leaning towards including more 'pipes. A rruYority of the jlipes 
should be included to minimize jlroblems that could arise with the use of skeletonization 
along with the awlication of demand jlatterns eJq>erienced in the field (Filion and 
Karney, 2003). The most significant danger that arises with skeletonization is the 
removal of flow jlaths in loo'ped networks and the resulting increase in flows in the model 
system to higher levels than eXjlerienced in the field. Like skeletonization, 
'parameterization is sometimes im'plemented to sim'pliiY a WDS model. Both 
skeletonization and jlarameterization are I!Pjllied to reduce the number of unknown 
jlarameters in the model. Skeletonization reduces unknown jlarameters by removing 
insignificant jlipes from the WDS, while jlarameterization assigns sets of jlipes the same 
roughness coefficient (Mallick et al., 2002). 
WDS modeling has severalpUlJlOses. WDS modeling can jlredict the WQ (i.e. chlorine 
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residual) of the network. The ou1:put of the model can infer other WQ concerns in the 
network, and .qrialitatively suggest whether the WQ in compliance with current 
regulations, and if the WQ will be in compliance with future regulations. WDS modeling 
can be used to better understand and re-engineer the network inex;pensively. Tracer 
. . 
studies, source blending, water age, tracking of contamination and disinfection residual, 
and the assessment of human ex;posure can all be performed nsing WDS modeling 
(Rossman and Boulos, 1996; Sadiq and Rodriguez, 2004). Modeling can be a better 
alternative to field sampling since modeling does not give incomplete discrete results of 
the WQ that may occur for samjlling from limited sites in the distribution system. 
2.2 Water Age 
The average time it takes for water to travel from a source to a jl3rticular location in the 
WDS is known as the mean hydraulic residence time (HRT), or water age. Essentially, 
the mean HRT is the length of piping from the location in the WDS to the water source, 
divided by the average flow velocity (Letterman. 1999). Water age is an imjlortant 
parameter in the ~ysis of WQ (Li et al., 2003). Water age is of concein since many 
WQ parameters are influenced by the water age, or in the sense of chemical processes, 
reaction times. The longer the water is in the WDS, the more likely that WQ will 
deteriorate. Demand patterns can have a m:Yor effect on water age. In a looped network 
of jlipes, many different flow paths are possible. These flow paths are driven by the 
varying demands at different locations in the WDS. At a given location, there exists the 
poteutial for a short flow path from the source (a shorter water age) or a long flow path 
from the source (a longer water age). Either can result in drastically different water 
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qualities at that location. Although it has not been studied extensively, water demands in 
the system play an important role in water age and WQ. As a result, demand allocation 
plays a great role in the reliability and accuracy of model :predictions. 
Analysis of HRT or water age is done using a tracer and measuring it's concentratiQn at 
locations in the WDS. The discrete field data (measured tracer concentrations and 
associated elapsed times) can be aJ2Plied to describe a cumulative residence-time 
distribution curve (F(t» (Clark, 1996). The F(t) value is the fraction of the step change in 
input tracer concentration that has arrived at the location in the WDS (Letterman, 1999). 
A hydraulic model is used to calculate flows and velocities in the 'pipe network, and this 
outPut is then used as input for the WQ model. Water age is usually calculated within the 
hydraulic model by calculating an F(t) curve based on model .Predictions of tracer 
concentrations (Clark, 1996). 
2.3 Water Quality 
The m.yor objective of water treatment is to 'produce good treated WQ and to maintain 
that quality while in the distribution system. Since the early 20th century, disinfection has 
been performed in the water treatment plant (WTP) clearwell before the finished water 
leaves the WTP. One goal is to 'provide a residual disinfectant that will be maintained ,in 
the distribution system. Proper residual disinfectant concentrations in the WDS ensure 
chemical and microbiological stability of the water, microbiological control, and the 
minimization of the formation ofDBPs (Letterman, 1999). 
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AssessingWQ within the WDS can be costly and difficult to measure; this is where a 
computer model can be hehJfu1 (Aral et al., 1996). The WQ model can identify potential 
WQproblem areas within the network, and be used to understand the variability of WQ 
within the system, both spatially and temporally. Requirements for the WQ model 
include WQ field measurements as a reference. The WQ model involves reaction 
mechanisms along with the water age calculated by the hydraulic model. The model can 
then give data ou!put in the form of the concentration of ~c species based on both 
location and time. 
2.3.1 Water Quality Parameters 
There are several data requirements for accurate WQ modeling. The primary 
requirement for WQ modeling is the water demand pattern. The water demand pattern 
influences the water age (reaction time) at locations in the WDS, which in turn affects the 
deterioration of WQ in the WDS (arayman and Clark, 1993). The hydraulic model 
should be properly calibrated (for both summer and winter). Accurate initial conditions 
are also required (including initial disinfectant concentrations), as well as proper decay 
rates based upon field measurements. 
2.3.2 Chlorine 
, 
Due to low cost and high oxidizing poteutial, chlorine and chlorine compounds are the 
mostpopular disinfectants for water treatment (Sadiq and Rodriguez, 2004). Chlorine is 
an unstable compound that reacts with both organic at)d inorganic compounds. Chlorine 
& 
can be consumed through reactions in the bulk water, with the bio-films on the 2h>e 
walls, and in the corrosion process. 
The phle size and the phle wall affect the consumption of free chlorine in the water. As 
the .phle diameter increases, the ov~all decay rate of free chlorine decreases. Also, as 
phles age, (Le., cast iron 'pi'pes) the chlorine decay rate increases (Li et aI., 2003). 
Biofilms attached to the .phle walls are composed of several types of microorganisms and 
can consume significant amounts of free chlorine residual as well as corrode phle walls 
(Letterman., 1999; Rossman et aI., 2001). Corrosion has a large effect on residual 
chlorine consumption in aged metallic conduits. Chlorine sl!Pports the corrosion of 
ferrous metals (Li et aI., 2003). 
The major differenCe between bulk decay and wall decay is where the reaction between 
the chlorine and constituents in the .Pipe network occurs. The bulk decay is the decay of 
chlorine during reactions between the chlorine and constituents in the water colmnn. 
These reactions occur within the volume of water that is not in contact with wall of .the 
phle. The wall decay is the decay of chlorine during reactions between the chlorine and 
phle wall materials and other water-quality constituents attached to the phle wall (i.e., 
biofilm and corrosionproducts) (Haestad Methods, 2003; Mays, 2000). 
Aspects of the .phle network affect the consumption of free chlorine. Dead ends in the 
WDS can have detrimental effects on WQ. In dead ends of the network, water has higher 
water age and lower free chlorine residual (Li et aI., 2003). Like dead ends, storage tanks 
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can have a severe effect on WQ. Water stored in storage tanks tends to have much higher 
mean HRT com'pared to the water in the .PYle network of the WDS. The majority of the 
water in the tank is not cycled frequently due to design requirements of the tank (Clark et 
al., 1994). As a result, chlorine residual is hard to mirintain and the 'potential for the 
formation of DBPs is increased. 25 to 30% of the water stored in the tank is regularly 
cycled and fed to the system. The remaining 70 to 75% of the water in the tank rarely is 
fed back out to the system since this volume is dedicated as fire storage and for 
emergency situations (i.e.,'power outages) (Grayman and Clark, 1993). 
When modeling chlorine decay within a WDS, a first order decay model is usually 
im'plemented and thus chlorine is assumed to decay eX'ponentially. The deCliY rates are 
influenced by changes in the WQ, terry>erature, flow rate, .PYle diameter,'pWe materials, 
biofilm, and'pWe roughness (Li et al., 2003). 
2.3.3 Disinfection-By-Products 
A disadvantage of disinfection treatment and the 'presence of chlorine residual in water is 
the production of DBPs. Disinfection reduces the risk of disease due to 'pathogens in the 
water; however, due to the formation of DBPs, disinfection could 'pose a chemical threat 
to human health. Since the 1970's, focus has been'p1aced on understanding DBPs and 
their formation. Organic DBPs are the result of chlorine residual reacting with natural 
organic matter (NOM) in the water (McClellan, 2000; Rodriguez and Serodes, 2001). 
Some DBPs are believed to be cancer causing if one is eJglosed to an excess amount of 
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them for aperiod of time (Bull and KO'pfler, 1991). Two of the most common, and of 
most concern, DBPs are TTHM and HAA. 
The formation of TTHM is a function of TOC, tem.:perature, and initial chlorine level 
(Lee, 2004). The understandillg ofDBPs has lead to research on alternate disinfectants 
and new treatment technologies. Removing NOM from the water at the WfP will reduce 
DBP formation (Sadiq and Rodriguez, 2004). HAA are another class of DBPs, and like 
TTHMs, their formation generally increases as HRT increases. Several authors have 
performed research that suggests that, unlike TTHMs, HAA begin to degrade after long 
HRTs, due to microbial activity in the 'pipe network (Chen and Weisel, 1998). Singer 
(2003) found HAAs began to decline once the chlorine residual decreased to below 0.1 
mg/L. Based on laboratory analyses, Kansas (2004) h.YJlothesized that HAAs began to 
decline once the free chlorine residual decreased to below 0.2 mg/L. 
Several models have been created to successfully model the formation of TTHM in the 
WDS. These models have been developed for different .:purposes. Different objectives of 
the TTHM models include identifYing diverse <!perational and WQ .:parameters 
throughout the WDS that control DBP formation. TTHM formation varies seasonally, so 
accurate models would have to be flexible to make 'predictions for different seasonal 
scenarios (Sadiq and Rodriguez, 2004). 
2.3.3.1 DBI' Regulations 
Due to the growing knowledge of the characteristics and risks of TTHM and HAA, new 
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regulations on the maximum contaminant levels (MeL) ate being im-plementeci The 
newest regulation is the proposed Stage n DBP Rille (US EPA, 2003). An objective of 
this -project was to identify locations for new monitoring sites based on the requirements 
of the proposed Stage n DBP rule with the assistance of a computer modeL The most 
significant change between the Stage I and Stage n DIDBPR is the shift from monitoring 
compliance via running annual average of DBP levels in the ~stem, to monitoring 
com-pliance via locational running annual average (LRAA) of DBP levels at s-pccific 
locations. According to the proposed rille, these monitoring sites have to be 
rt;presentative of locations of high DBP levels within the WDS (US EPA, 2003). The 
first ~ in selecting theSe sites is to perform an IDSE. For a system serving more than 
10,000 people, the IDSE requires eight sites per treatment plant; three with the highest 
TTHMs, two with the highest HAAs, two with the WDS average HRT and one 
monitoring site at the entry point (i.e., the clearwell). After these eight sites have been 
monitored for 12 months, four will be selected as the Stage n DBP monitoring locations. 
12. 
CHAPTER 3: STAMFORD DISTRIBUTION SYSTEM DESCRIPTION 
This chapter includes a description of the Stamford, Connecticut WDS. The SW1P is 
owned and o.:perated by the A WC and serves a 'population of 120,000 users. This is 
achieved by a WDS comJlOsed of five distinct pressure or hydraUlic grade line (HGL) 
zones SlYlplied by several pump stations, valves, and interconnectious with neighboring 
WDSs. 
3.1 Pipe Networks, Zones, and Pumping 
Figure 3-1 shows a schematic of the entire Stamford WDS. The Stamford WDS is 
composed of five subsystems: Laurel, Gravity, North Stamford, 320, and Weed Hill. The 
Stamford WDS is mainly fed by gravity from the c1earwell of the SWTP (HGL = 258 ft); 
there are also several higher HGL zones supplied by pumps. There are several regional 
interconnections that also supply the StamfordWDS. The Southwest Regional Pweline 
(SWRP) SlYlplies water from the southwestern Connecticut region to the Weed Hill 
Subsystem. Water is also supplied to the Gravity Subsystem from the Greenwich WDS 
via a connection on Havermeyer Road. During the snnnner months, water is fed from the 
Wire Mill Well (WMW) located on the main branch of the Gravity Subsystem between 
the North Stamford Pump Station (NSPS) and the Vine Road Pump Station (VRPS). 
Table 3-1 tabulatespY>e lengths by pwe size (based on the model network) for each of 









































Figure 3-1. SChematic of Stamford, CT Distribution System 
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Table 3-1. Total Pi'pe Length (miles)'per Pi.Pe Size by Subsystem 
Subsystem Pipe Diameter (iu) Total 4 6 8 10 12 16 20 24 36 42 Length 
Gravity 0.8 44.3 68.4 0.4 32.4 6.3 0.02 10.6 4.3 0.9 468.3 
320 0.2 2.2 16.9 n/a 7 1.5 n/a n/a n/a n/a 27.8 
Weed Hill 0.3 11.9 33.7 n/a 6.5 0.6 n/a n/a n/a n/a 53 
North 0.08 0.3 4 n/a 0.5 0.6 n/a 1.6 n/a n/a 7 Stamford 
Laurel n/a 0.2 6.7 n/a 3.3 1.2 4.3 n/a n/a n/a 15.7 
3.1.1 Pressure Zones 
The Laurel System lies to the north of the SWTP. Water to this zone is 'pumped directly 
from the SWTP clearwell via the Laurel PS (LPS) and there are no interconnections and 
no storage tank. 
To the south of the SWTP is the Gravity Subsystem. The Gravity Subsystem isprimarily 
fed by the Stamford WTP, but also· occasionally by the West MainlHavemeyer Lane 
interconnection to Greenwich. The Gravity Subsystem supplies the North Stamford 
Subsystem via the NSPS, and the Weed Hill and the 320 Subsystems via the VRPS 
through 6 inch (in) diameter and 12 in diameter connections, res.pectively. The Gravity 
Subsystem also can feed the 320 Subsystem via the HycliffPS (HPS). Occasionally, the 
Grayity Subsystem s~plies water to Greenwich via the West MainlHavemeyer Lane 
interconnection, as well as to Darien via the Main Street interconnection. The Gravity 
Subsystem has available storage via the 3.14 million gallon (MG) Blachley Road Tank. 
The North Stamford Subsystem is directly, and only, fed by the NSPS. Water from the 
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North Stamford Subsystem is suJ?Plied to the Weed Hill Subsystem via the Newfield 
Road Flow Control Valve (NRV). The North Stamford Subsystem has no 
interconnections to other towns and.no storage. 
The 320 Subsystem, at an HGL elevation of 320 ft, is .J>rimarily fed by the VRPS, but also 
occasionally by the HPS. The 320 Subsystem can stmPly water to Greenwich via the 
Palmers Hill interconnection. The 320 Subsystem has available storage via the 1.00 MG 
Roxbury Tank. . 
The Weed Hill Subsystem has an HGL of 295 ft and is suWlied by the VRPS, by the 
North Stamford Subsystem via the NRV, and by the SWRP. Occasionally, the Weed Hill 
Subsystem supplies water to Darien via the Woodway Road and Camp Avenue 
interconnections. The Weed Hill Subsystem has available storage via the 1.10 MG Weed. 
Hill Tank. There is a control on the flow through the 6 in feed into the Weed Hill 
Subsystem from the VRPS based on the level in the Weed Hill Tank. If the water level is 
increasing and rises above approximately 62.5 ft (HGL is 282.5 ft), then there is no 
discharge through the 6 in feed line (a valve closes). Once the water level decreases to 
approximately 56.5 ft (HGL is 276.5 ft), the valve opens and there is flow through the 6 
in feed line to the Weed Hill Subsystem. 
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3 .. 2 System Operation - Data and Analysis 
3.2.1 Available System Data 
A WC continuously monitors flow, pressure, and tank level for the Stamford System. 
Data was s~plied to UMass in the form of plots direct from the S~ervisory Control and 
Data Acquisition (SCADA) system. At each hour of the study period, flows were 
recorded for the NSPS, the VRPS, the SWI'P Clearwell Eftluent, and the LPS. Changes 
in water elevations for the Roxbury Tank, the Weed Hill Tank, and the Blachley Road 
Tank were recorded for each hour of the study period as well. The observed data for the 
interconnections was in the form of average weekly flows supplied by A WC. No data 
was available for flows through the NRV between the North Stamford and Weed Hill 
Subsystems. 
3.2.2 Water Demands for Subsystems 
The total instantaneous demand for the Laurel System, as described in Equation 3-1, is 
the flow from the SWI'P clearwell to the Laurel system via the LPS. There are no tanks 
or interconnections in the Laurel System, therefore ]lumps supply only the actual 
demands 
Total DemandUURIiL = LPS Flaw (3-1) 
The total instantaneous demand for the entire Stamford System served by the SWTP, as 
described in Equation 3-2, is the sum of the flow leaving the Stamford WI'P ~y gravity, 
the inflow/outflow of the three tanks (Roxbury, Weed Hill, and Blachley Road), and the 
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inflow/outflow from regional interconnections (Main Street, Woodway Road, Cam.!> 
Avenue, Palmers Hill, Havemeyer Lane, and the Southwest Regional Pweline (SWRP)): 
Total DemandSTAMFORD = SWTP Effluent :f: Tank Fluws :f: Regional (3-2) 
Interconnections 
Water demands can also be determined for each individual sub~stem. The water 
demand for the North Stamford Sub~stem, descn"bed in Equation 3-3, is determined 
from the North Stamford PS flow, less the outflow of the NRV connecting the North 
Stamfotd Subsystem and the Weed Hill Sub~stem. 
Water DemandNOR:rH. STAMFORD = NSPS - NRV (3-3) 
The water demand for the 320 Subsystem, descn"bed in Equation 3-4, is determined.from 
the Vine Road PS 12 in line flow, the inflow/outflow of the Roxbury Tank, the inflow of 
the B:ycliffPS, and the inflow/outflow of the Palmers Hill Interconnection. 
Water Demand32Q = VRPS 12 in :f: Roxbury Tank Flow + BPS :f: Palmers (J-4) 
Hill 
The water demand for the Weed Hill Subsystem, described in Equation 3-5, is 
determined from the Vine Road PS 6 in line flow, the inflow/outflow of the Weed Hill 
Tank, the inflow at the NRV, the inflow of the SWRPlHo.!>e Street Flow Control Valve, 
the outflow of the Woodway Road Interconnection, and the outflow of the Cam.!> Avenue 
Interconnection. 
Water DemandWEED HILL = VRPS 6 in :f: Weed Hill Tank Fluw + NRV + 
SWRP/Hope Street Flow Control Valve - Woodway Road Interconnection -
Camy Avenue Interconnection (3-5) 
1& 
The water demand for the Gravity Subsystem is described in Equation 3-6. This demand 
is determined from the Stamford WTP flow, minus the flow into the North Stamford 
Subsystem, minus the flow into the Weed Hill Subsystem, minus the flow into the 320 
Subsystelll,jJlus the inflow/outflow of the Blachley Road Tank, minus the outflow of the 
Main Street Interconnection, jJius the inflow/outflow of the Havemeyer Lane 
Interconnection. 
Water Demand,;JJAVJTY = SWTP Effluent - North StarTiford Subsystem - Weed Hill 
Subsystem - 320 Subsystem :t Blachley Road Tank Flow - Main Street 
Interconnection :f: Havemeyer Lane Interconnection (3-6) 
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CHAPTER 4: STAMFORD WATER DISTRIBUTION SYSTEM MODEL 
This cha'pter includes an overall descrij)tion of the Stamford WDS model and details of 
how the system was modeled. Certain ~s of hydraulic o'perations of the Stamford 
WDS are described along with descri'ptions of how these features were modeled. The 
modeling of the tracer and free chlorine residual studies are discussed. 
4.1 MDdel Overview 
The Stamford WDS model used in this 'project was develo'ped by Roald Haestad, Inc. 
using the Haestad Methods WaterCAD@ 6.5 modeliIig'program. The model was created 
for the A WC as a steady-state hydraulic model to be used to model flows and 'pressure in 
the Stamford Water System including all subsystems .. The Stamford model was designed 
by Mr. Sal Longo of Roald Haestad, Inc. and includes several scenarios for evaluation 
and analysis. These scenarios include active age alternatives, constituent alternatives, 
. . 
and tracer alternatives.. 
The Stamford WDS model is comj)Osed of 3990 pipes and 3305 'pressure junctions, 
including pressurized subsystems su'p'plied by a combination· of 'pum'ps and valves. A 
'portion of 'piping in the ori~ model was not actuallY'part of the Stamford WDS. This 
. . 
.portion was.part of the SWRP and was called the regional'pipeline service. area (RPSA) 
HGL zone. It included some 'piping only on the u.pstream side of the SWRP connection 
to Stamford, and connected to the Belden Tank. As this 'portion of the model is not 
within the study area for this 'project, these 'pipes were deleted from the model. Because 
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of the need to vary o"perational J?IIT3IDeters, a sejl3I8.te model file was created for each of 
the three field events that were modeled. A .schematic of the Stamford Wbs model.as. it 
appears in the WaterCAD® program can be found in Appendix D. Table 4-1 summarizes 
the dates and.start times of the tracer studies for the three events.. 
Table 4-1. Dates and.Start Times of Tracer Stndies 
Event Start Date Start Time 
8ummer2002 July 29, 2002 10:45 AM 
Winter 2003 March 19, 2003 9:30AM 
8ummer2003 August 11, 2003 10:15 AM 
4.2 W.ater SOlll'CeS and Transfers 
4.2.1 Stamford Water Treatment Plant 
The SWTP is the ouly treatment plant within the Stamford System. It supplies water 
from the c1earwell to the Stamford System via gravity. The plant supplies water to the 
pressurized Laurel Subsystem north of the plant via 3 pumps. Some alteratioll!> were 
made to the model description of the SWTP. For the original static Stamford WDS 
mode, the clearwell was modeled as a circular storage tank with a volume of 1 MG and a 
maximum HGL of257.6 ft. .Since a tank cannot be refilled without a.source of water .and 
the clearwell is the source of water, the clearwell would cony>letely empty after several 
hours of dynamic model simulation. Thus, the clearwell was modeled as a fixed grade 
reservoir with a set HGL of 257.6 ft, resulting in a coutinuous sl!Pply of water with the 
same HGL as in the actual SWTP clearwell (in the actual plant, raw water flow is 
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controlled to l'rovide treated water inflow to the clearwell}. 
4.2.2 WireMiRWcll 
The WMW, used seasonally, Sl:!PPlies disinfected water into the Gravity System 
downstream of the NSPS. The WMW operates in summer and had a calculated average 
flow of lOA.gpm based on weekly volumetric discharge. 
4~ Interconnections 
There are several interconnections in the Stamford System. To model these 
interconnections, fixed demand or fixed input junctions were assigned to the model 
jnnction closest to the actual interconnection. The fixed flows were based on field data 
for average hourly discharge. The eXcqJtion is that the winter 2003 event included two 
different weekly flows; hence there were different average floWs for the first 72 hours 
and for the last 48 hours. For this situation, demand patterns were applied to these 
interconnections to take into acconnt the change in the fixed flow after the 72nd hour. 
Table 4-2 tabulates the location of each interconnection in the model, the WDS 
subsystem connected to, and re~ective flow rates for each event. All the 
interconnections SlH'ply to (or recdve from) abutting WDSs, except for the SWRP, which 
is a regional Awe l'h>eline that feeds the Weed Hill Subsystem. The Havemeyer Lane 
(West Main Street) interconnection to Greenwich bOth supjllies water to Greenwich and 
allows inflow from the Greenwich WDS to the Gravity System. However, more flow 
typically is sUjljllied to Greenwich than is supplied to Stamford, therefore, the Havemeyer 
Lane interconnection is snmmarized as a net sl!Pply to Greenwich for this study. 
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Table.4-2.. Interconnections Characteristies 
Model System Event Flows (g m) Interconnection Jnnction Connecting Summer Winter Summer To 2002 2003* 2003 
Camp Ave Supply to 0.001 Camp Avenue Connection Norton 1 0.00 0.00. 0.00 Darien 
Havemeyer LS_J-6692 Supply to 1326t 52.3/32t 9.7t Lane Greenwich 
Supply to 16.81 Main Street PRLS J-4000 Norton 1 120.9 15.4 34.1 Darien 
Palmer Hill Supply to Palmers Hill Rd. 4.9 2.8/7.1 0.9 
Interconnection Greenwich 
Southwest Inflow from 
Regional HRS J-40 Southwestern 38.5 3.4/2.6 24.9 
pjpe6ne Connecticut 
Woodway Woodway Supply to 
Road Connection Norton 1 6.7 2.3/2.5 1.5 Darien 
-
*The first flow is for the 1 st and 2na days of the event and the second flow is for the 3'U to 
5th days. 
tDifference between. the flow from Stamford to Greenwich and the flow from Greenwich 
to .StamforiL 
4.3 Storage Tanks 
Table 4-3 summarizes characteristics for the three storage tanks in the Stamford WDS: 
the Roxbury, Weed Hill, and Blachley Road tanks. The three storage tanks in the 
Stamford System were each modeled as single compartment tanks. 
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Table 4-3. Storag~ T3nk Characteristics Summary 
Tank Name Roxbury Weed Hill Blachley Road 
Zone 3.20 Weed Hill Gravity 
Foot Print Shape Circular Circular Circular 
Diameter (ft) 77 50 90 
Base Elevation (ft) 286 216 118 
Maximum Water 29.1 75 66 
. Level(ft) 
Minimum Water 0.5 . 0 0 Level (ft) 
Maximum Storage 
Volume (MG)· 1 1.1 3.1 
Summer 2002 
Initial Water Level 26.8 56.1 45.3 
(ft) 
Winter 2003 Initial 22.8 56.8 61.6 Water Level (ft) 
Summer 2003 
Initial Water Level 24.6 61.9 66 
(ft) 
4.3.1 Roxbury Tank 
The Roxbury Tank sUJ2Plies the 320 Subi;;)'stem. Within the Roxbury Tank model ~tr>ing, 
a check valve was added to control the flow through the inlet and discharge ~tr>ing for 
this tank. The discharge rate for the Hycliff PS in~ut was calculated to accurately model 
the level in the Roxbury Tank. . Figures 4.1 through 4-3 are ~lots of field tank levels 
versus model ~redictions for each of the three events. The model J>redictions and 
SCADA data for the levels in the Roxbury Tank were very siJ:nilar since the flow ~attem 
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Figure 4-1. Roxbury Tank, Field versus Model Levels - Swnmer2002 
Start Dateffime: July 29, 2002/10:45 AM 
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Figure 4-2. Roxbury Tank, Field versus Model Levels - Winter 2003 
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Figure 4-3. Roxbury Tank, Field versus Model Levels - Summer 2003 
Start Dateffime: August 11,2003/10:15 AM 
4.3.2 Weed Hill Tank 
The Weed Hill Tank supplies the Weed Hill Subsystem. It was difficult to accurately 
model the Weed Hill Tank levels as the actual flows from the North Stamford Subsystem 
to Weed Hill Subystem through the Newfield Road Valve were not known. Refer to 
Section 4.5 for a description of how the NRV was modeled .. Figures 4-4 through 4-6 are 
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Figure 4-4. Weed Hill Tank, Field versus Model Levels - Summer 2002 
Start Daterrime: July 29, 2002110:45 AM 
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Figure 4-5. Weed Hill Tank, Field versus Model Levels - Winter 2003 
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Figure 4-6. Weed Hill Tank, Field versus Model Levels - Summer 2003 
Start Dateffime: AugUst 11, 2003/10:15 AM 
For the summer 2002 event, the model predicted the filling and emptying of the Weed 
Hill Tank to occur at roughly the same time as witnessed in the field. The model did not, 
however, predict the same change in water levels as witnessed in the field. At the very 
end of the event, the model predicted a significant fill and empty of the Weed Hill 
Tank, however, only emptying was witnessed in the field during these hours. During the 
winter 2003 event, the model did not predict the fluctuations of the water level in the 
weed Hill Tank very well compared to what was witnessed in the field. For the summer 
2003 event, the model predicted water levels in the Weed Hill Tank ·similar to what were 
experienced in the field. 
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4.3.3 Blacbley Road Tank 
The Blacbley Road Tank supplies the Stamford Gravity Subsystem. The Blacbley Road 
Tank has an altitude valve that controls flow to and from the tank based on preset water 
levels (HGLs) in the tank. The valve was modeled by having a control on a pipe 
(BRT]-10) in the Blacbley Tank piping that would close or open based on the HGL of 
the junction (BRTj-30) just downstream of the tank. In the field, this valve closes at a 
tank water level between 64 ft and 65 ft (HGL between 182 ft and 183 ft) and opens 
between 60 ft and 61 ft (HGL between 178 ft and 179 ft). Based on SCADA data during 
the event, the opening and closing ranges of the valve were larger than the reported 
control range and the ranges were not consistent. In order to ensure that the model tank 
levels were similar to field observations, the HOLs that controlled the opening and 
closing of the valve varied slightly from event to event. For the winter'2003 event the 
pipe was closed if the HGL of the control junction rose above 185.22 ft (the 
corresponding tank level is 67.22 ft). The tank water level never dropped to the water 
level where the valve is supposed to open; therefore, the control in the model stated that 
as long as the HGL was less than 185.22 it, then the pipe would be open. For the summer 
2003 event the pipe was controlled to close if the HGL of the control junction rose above 
185.80 ft (the corresponding tank level is 67.80 ft). The water level never diopped to the 
water level where the valve is supposed to open; therefore, the control in the model stated 
that as long as the HGL was less than 185.80 it, then the pipe would be open. For the 
summer 2002 event, the water level in the Blacbley Tank in the model never rose above 
60 ft (HGL of 178 ft), the closing HGL control level Therefore, the valve was not 
. modeled in the summer 2002 event. Figures 4-7 through 4-9 are plots of the field tank 
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Figure 4-7. Blachley Road Tank, Field versus Model Levels - Summer 2002 
Start Datetrime: July 29, 2002110:45 AM 
Another part of the model system provided from A WC that was disregarded was the 
Blachley Hydraulic Tank. This tank:, with a volume of 1000 gallons (gal) (0.001 MG) 
was included in the original hydraulic model, but was never mentioned in any 
communication with A WC; hence it was disregarded. The piping to this tank was closed 
and the pumps just downstreanI of the tank were tomed off. 
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Figure 4-8. Blachley Road Tank, Field versus Model Levels - Winter 2003 
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Figure 4-9. Blachley Road Tank, Field versus Model Levels - Summer 2003 
Start Dateffilqe: August 11, 2003/10:15 AM 
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With the exception of the Weed Hill Tank during all three events, and the Blacbley Road 
Tank during the summer 2002 event, the model accurately predicted the tank levels 
compared to the SCADA data. The model did not accurately predict tank levels in the 
Blachley Road Tank in the sUIllIIler 2002 event because of high demands in the SUIllIIler 
2002 which did not hydraulically reproduce flows in and out of the tank as witnessed in 
the field. 
4.4 Pumps and Pump Stations (PS) 
Pumps can be modeled by several approaches. Constant power pumps are pumps that 
operate by assigning an estimated pump horsepower. Multiple point pumps allow the 
ability to assign a rating curve to individual pumps. These curves relate pump discharge 
rate and head. The following equation is the general equation for describing pump 
curves: 
Y=A-(BxQC) (4-1) 
Where: y = Head (ft) 
Q '" Discharge (cfs) 
A, B, C = Pump curve coefficients 
4.4.1 Laurel PS 
Two pipes to Pumps 2 and 3 in the Laurel PS were closed, as was the initial piping to an 
overflow pipe from the Laurel Subsystem to the Gravity System. There' were some 
model complications with running multiple Laurel Pumps; therefore the pump curve for 
the Laurel Pump 1 was altered to produce the required head at the required flow using 
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only one pump. This practice of closing piping to the 2nd and 3rd pumps in a PS and 
closing the overflow pipe was repeated at the NSPS and the VRPS. 
4.4.2 North Stamford PS 
The NSPS supplies the North Stamford Subsystem using three pumps. To correctly 
simulate field observed flows in the NSPS, a pump logical control had to be applied to 
the pumps in this PS. The control required that a minimum HGL of 423 ft be maintained 
at junction NSHS _J-l 0, just downstream of the pumps. 
4.4.3 Vine Road PS 
The VRPS contains three pumps and supplies the 320 Subsystem via a 12 in connector 
pipe, and the Weed Hill Subsystem via a 6 in connector pipe. The flow through the 
VRPS satisfies demand from the 320 Subsystem (via the 12 in feed line) as well the 
demand from the Weed Hill Subsystem (via the 6 in feed line). The field control for the 
flow through the 12 in line was based on the water level in the Roxbury Tank. In the 
field, the control ranges between a pump flow of 350 gpm if the level in the tank is 26 ft 
(HGL is 317 ft), to a pump flow of 700 gpm if the level in the tank is 22 ft (HGL is 313 
ft). In the field, there was a flow control on the 6 in feed line based on the water level in 
the Weed Hill Tank. If the tank water level was increasing and rose above 62.5 ft (HGL 
is 282.5 ft), then a valve on the 6 in feed line would close. Once the water level 
decreased to approximately 56.5 ft (HGL is 276.5 ft) the valve would open. The actual 
VRPS pump rate is not directly controlled by just the Roxbury Tank level or the Weed 
Hill Tank level, but is controlled by the levels in both tanks. 
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The model with the originally configured VRPS was unable to reproduce flows through 
both the 12 in and 6 in lines that were similar to field measurements. The flow through 
the VRPS is designed to satisfy the demand from the 320 Zone (through the 12 in) and 
the demand to the Weed Hill Zone (through the 6 in). Figure 4-10 is a schematic of the 
VRPS in the model. To properly model this PS most effectively, the 12 in feed line to the 
320 Subsystem was removed and replaced by a demand junction that was assigned at 
junction VRPS_J-90 near the upstream side of the pumps .. This demand junction had a 
complimentary input junction at junction WHHS j-510 in the 320 Subsystem. The input 
junction is located at what was the previous output junction for the 12 in discharge pipe. 
To 320 Subsystem • _, InputJunetion WHBS_J-
12" Discllarge to -. \ VRPS J-90 
320 Subsystem • - VRPS J~ , . .. ,. \ VRPS_J-I50 Closed Pipe 












Pump 2 Pump 1 
(Turned offl. 
VRPS_J-70 VRPS_J-30 
, • II • Pipe.., • • VRPS_J-tO 
VRPS_J.170 VRPS_J.I40 VRPS_J-130 VRPSJlIO 
Influent from Gravity 
L! 
~ WBHS_J.SIO 
Discharge to Weed Hill Subsystem •• 
Figure 4-10. Vine Road Pump Station Model Schematic 
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The demand and input junctions for the 320 Subsystem had a flow pattern based on the 
field data, as well as patterns for concentration of fluoride tracer and free chlorine 
residual. The flow patterns were based on the average demand for each event within the 
320 Subsystem. For the summer 2002 event the average flow was 546 gpm, for the 
winter 2003 event the average flow was 676 gpm, and for the summer 2003 event the 
average flow was 680 gpm. 
The VRPS pump therefore only has to maintain a discharge that satisfies the demand. 
from the Weed Hill Zone. In the model. a control was placed on the pump in the VRPS. 
The control wonld turn the pump off if the HGL at junction WHTj-40 (located just 
downstream of the Weed Hill Tank) rose above 282.6 ft. The control would turn the 
pump on if the HGL at WHT_J-40 subsequently decreased to 276.8 ft. This type of 
control system was only operative during the winter 2003 event. The summer 2002 event 
had a consistent flow of 500 gpm and in the summer 2003 there was no flow through the 
6 in feed line. To properly model both summer events, a control valve was added to the 6 
in discharge so that fixed flows could be set. 
4.4.4 Hycliff PS 
The lIPS is a secondary PS that also supplies the 320 Subsystem using three pumps. This 
PS did not have a flow meter; the flow through the PS was estimated to be approximately 
300 gpm by Awe. Since it is assumed that the flow of 300 gpm is constant, the original 
PS was removed from the model and replaced with a setup similar to the VRPS 12 in 
setup. A fixed demand junction was assigned at junction LSj-46l2 (the original inlet 
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point for the PS). This fixed demand junction had a col;D.plimentary fixed input junction 
at junction HHSj-2150 to feed the 320 Zone. For the summer 2002 event the fixed flow 
through the lIPS was 310 gpm, for winter 2003 the fixed flow was 305 gpm, and for 
summer 2003 the fixed flow was 312.5 gpm. The flow rate was chosen to best model 
Roxbury Tank levels that were most similar to the field observations. 
4.5 Valves 
The system includes a total of 21 flow and pressure control valves; one flow control 
valve (FCV), 7 pressure reducing valves (PRVs), 4 pressure sustaining valves (PSVs), 
and 9 general purpose valves (GPVs). FCVs limit the maximum flow through the valve 
from upstream to downstream. These valves are typically used where one water system 
connects to another water system so that the supplier can limit how much water leaves 
the providing system. PRVs typically separate different pressure zones since they limit 
the maximum pressure in the system downstream of the valve. This can control pressure 
in the downstream system and prevent damage to the system. PSV s perform the opposite 
task of the PRVs, ensuring that the pressure in the system upstream of the valve does not 
decrease below a certain set level. GPV s are valves used when standard hydraulic 
formulas are not used and instead a flow-to-headloss relationship is specified. They are 
typIcally used for modeling . specific situations and devices (i.e. reduced pressure 
backflow prevention valves and well draw-down behavior) (Haestad Methods, 2003). 
There are 4 major valves of interest in the system that are also in the model: the NRV, the 
SWRP Hope Street Valve, the VRPS 6 in valve, and the Blachley Road Tank valve. The 
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NRV is a valve that allows flow from the North Stamford Subsystem to the Weed Hill 
Subsystem. It is in place to ma.iutain both a minimum HGL in the North Stamford 
Subsystem as well as a minimum HGL in the Weed Hill Subsystem. It is composed of 
two different valves, a PSV for maintaiDing the HGL in the North Stamford Subsystem, 
and a PRY for maintaining the HGL in the Weed Hill Subsystem. The two are needed 
since the required minimum HGL in the North Stamford Subsystem is higher than the 
maximum HGL allowed in the Weed Hill Subsystem. The NRV required HGL for the 
Weed Hill Subsystem was set at 306 ft for the summer 2002 event, 290 ft for the winter 
2003, and 298 ft for the summer 2003 event These levels were selected to best match 
model and measured Weed Hill Tank: water levels. 
The Hope Street Valve originally connected to the RPSA Subsystem in the model, which 
was fed by the SWRP, modeled as a fixed input Since the RPSA piping was deleted 
from the model, the Hope Street Valve no longer served a purpose of managing flow 
between the RPSA and the Weed Hill System. However, the SWRP connection and 
supply still needed to be modeled. Therefore, a fixed input designation was assigned to 
the most downstream junction in the piping that modeled the Hope Street Valve. All 
piping upstream of this junction was deleted and the SWRP was accounted for in the 
model as a fixed flow input. 
The VRPS 6 in valve controls the flow of water through the 6 in line feeding the Weed 
Hill Subsystem. The valve is necessary to properly model the constant flow of 500 gpm 
as witnessed in the summer 2002 event and the constant flow of 0 gpm as witnessed in 
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the summer 2003 event. In the summer 2002 event, the valve maintafued :!low at 500 
gpm, with the exception of the last several hours. In the summer 2003 event, the 6 in line 
from the VRPS was closed. 
4.6 Water Demands 
A distribution of average water demands within the entire Stamford System was provided 
in the WaterCAD® model created by Roald Haestad, Inc. The overall demand can be 
divided into several subsystems. For each field sampling event, data was available to 
calculate the demands for the Laurel System, the 320 Subsystem, and the Stamford 
System (i.e. the :!low leaving the SwrP clearwell via gravity excluding the demand in the 
320 Subsystem). Hourly demands were calculated for each subsystem based on the 
in:Ilows and out:llows related to those systems, and the average demand for each system 
was determined. The goal was to determine a diurnal demand curve for each of the three 
subsystems for each of the three· events. The distribution of demands between the 
subsystems and across nodes within a subsystem was based on the demands provided by 
Haestad Methods, Inc. 
The water demands for the Laurel System were straight forward to calculate since there is 
no available storage in this system and no regional interconnections. There were records 
of the LPS discharge p-om the SwrP to the Laurel System; therefore the Laurel System 
water demand was equal to the pump discharge. 
The water demand for the 320 System was calculated by adding/subtracting the change in 
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the Roxbury storage tank, the 12 in line discharge from the VRPS, the HPS discharge, 
and the Palmer Hill Interconnection flow. 
The actual water demands for the Stamford System during a field event were calculated 
by adding/subtracting the flow by gravity from the SWTP, the change in the Weed Hill 
and Blacbley ROad storage tanks, the 12 in line discharge for the VRPS, the HPS 
discharge, and the flows to tb.e regional interconnections excluding the Palmer Hill 
connection. Only one temporal demand curve is used for the gravity system and the 
Weed Hill and North Stamford zones d]le to the complexities and difficulties with 
interconnections between these zones. Demand patterns for the 3 subsystems for each 
event are discussed below. Each pattern is shown as the actual flow rate and as 
nonnalized flow by dividing by the average event flow. 
4.6.1 Summer 2002 
The diurnal demand pattern for the Laurel System (Figure 4-11) did not exhibit the 
typical two demand peaks expected during the moming and late afternoon with the lunch 
hour valley in between. The demand factors for the Laurel System in summer 2002 
ranged from 0.4 to 1.7. The maximum peaks occurred between the holUS of 4 AM and 6 
AM and stretched into the mid moming. These peaks are unusual; however, during this 
sampling event much of the Northeast was experiencing drought conditions. The Laurel 
System is mostly composed of large residential zones that create higher demands in the 
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Figure 4-11. Laurel Diurnal Pattern - Summer 2002 
, 
Start Daterrime: July 29, 2002/12:00 AM 
The Stamford System (Figure 4-12) does not have as significant a high/low range 
demand pattern for any of the sampling events as the Laurel System had. The demand 
factors for the Stamford System in the summer 2002 ranged from 0.4 to 1.3. There are 
peaks at 7 to 8 AM in the moming and the late afternoon/evening, 7 PM, compared to the 
rest of the day. These peaks are small compared to the rest of the day as the diurnal 
pattern is relatively flat; however, there is an extreme low demand around 12 AM. The 
smaller demand factor range in the Stamford System may be because in generat the 
Stamford System is equally mixed between residential, commercial, and industrial 
demands. Typically a diurnal pattern for a mostly residential community will have two 
peaks, one between the hours of 6 AM and 8 AM and one between 5 PM and 7 PM. 
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Since the Stamford Main system is residential with a dense commercial downtown, the 
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Figure 4-12. Stamford Diurnal Pattern - Summer 2002 
Start Dateffime: July 29, 2002/12:00 AM 
In the sUlllIJier 2002 model, demands were too dense in the immediate vicinity of the 
Blacbley Road Tank (a group of piping referred to as the Blacbley Pressure Area in the 
model). As a result the Blacbley Tank experienced extreme drawdown in the model, 
eventually being empty for extended periods of time and filling only slightly. As a result, 
the modeled tank levels were much lower than the field data. The remedy was to remove 
some of these high demands and re-distributing them to other junctions in the system. 
This was done by removing the demand at a specific junction, calculating the new 
average demand in the model for the Stamford Systexn, dividing the desired field average 
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demand by the new model average demand, then multiplying the model demands at all 
the Stamford junctions by this multiplying factor. 
The 320 Subsystem (Figure 4-13) had a non-uniform demand pattem and did not have 
. distinct morning and afternoon peaks dllring every day of the event The lack of certain 
expected peaks and the non-uniformity of the 320 Subsystem demand pattem are 
probably due to the assumed constant flow through the HPS of approximately 300 gpm, 
since the actual flow through the HPS was not known. The demand factors for the 320 
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Figure 4-13. 320 Diurnal Pattern - Summer 2002 







4.6.2 Winter 2003 
The diurnal demand pattern for the Laurel System (Figure 4-14) exhibited the two 
demand peaks expected during the morning and late afternoon with the lunch hour valley 
in between. Unlike the summer 2002 diurnal patterns, no maximum peaks were 
experienced during the early morning hours, due to lack of lawn watering in the winter. 
The demand factors for the Laurel System in the winter 2003 ranged from 0.3 to 2.2. 
This is a much larger range compared to the summer 2002 event. The typical morning 
peaks occur at 7 AM during the business days (the first 72 hours) and 10 AM during the 
weekend days (the last 48 hours). The typical evening peaks occur between 7 PM and 8 
PM during the business days (the first 72 hours) and between 4 PM and 6 PM on the 
Saturday (between the 72nd and 96th hours) and between 6 PM and 8 PM on the Sunday 
(the last 24 hours). The Laurel system is mostly residential; therefore the morning and 
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Figure 4-14. Laurel Diurnal Pattern - Winter 2003 
Start DateITime: March 19, 2003112:00 AM 
The Stamford System demand pattern (Figure 4-15) had peaks in the moming and the late 
afternoon compared to the rest of the day. The· demand factors for the Stamford System 
in winter 2003 ranged from 0.5 to 1.5. This is a slightly larger range compared to 
summer 2002 event. The moming peaks occur at 7 AM during the business days (the 
first 72 hours) and between 8 AM and 9 AM on the Saturday (between the 72nd and 96th 
hours) and at 10 AM on the Sunday (the last 24 hours). The evening peak occurred 
between 7 PM and 8 PM during the business days (the first 72 hours) and between 6 PM 
and 9 PM on the Saturday (between the nnd and 96th hours) and between 8 PM and 10 
PM on the Sunday (the last 24 hours). 
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Figure 4-15. Stamford Diurnal Pattern - Wmter 2003 




The 320 Subsystem (Figure 4-16) had maximum peaks in the morning, as well as peaks 
in the afternoon. The demand factors for the 320 Subsyslem in the winter 2003 ranged 
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Figure 4-16. 320 Diurnal Pattern - Winter 2003 
Start Dateffime: March 19, 2003112:00 AM 




The diurnal demand pattern for the Laurel System (Figure 4-17) exhibited the two 
demand peaks expected during the morriing and late afternoon with the lunch hour valley 
in ~tween. The demand factors for the Laurel System in summer 2003 ranged from 0.8 
to 1.3. This is a much smaller range compared to the summer 2002 and winter 2003 
events. As in the summer 2002 study, there was higher than normal demand in the early 
hours of the moming, however, for this sampling event they were not as high, nor did the 
maximum peak daily demand occur during this part of the day. This summer Was a wet 
summer for much of the Northeast, however, a good portion of households continued to 
water their lawns overnight Enough households continued to do this to create higher 
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than normal demands in the moming, but not enough to cause peak demand. The diumlll 
pattem also does not follow the nonn after 4 PM on the 4th day (the 88th hour) of the 
study (Thursday, August, 14). This is when the blackout occurred in the Northeastern 
states of the United States and southern portions of Canada. Certain flows in parts of the 
system recorded by computers after the blackout may just be errors due to the loss of 
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Figure 4-17. Laurel Diurnal Pattern ..:.. Summer 2003 
Start Daterrime: August 11, 2003/12:00 .AM: 
The demand factors for the Stamford System (Figure 4-18) in the summer 2003 ranged 
from 0.6 to 1.5. This range in demand factors is similar ~o the range in the winter 2003 
event, and is slightly higher than the range for the summer 2002 event. Again as with the 
Laurel System, the diurnal pattern for the Stamford System does not follow the nonn 
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after 4 PM on the 4th day (the 88th hour) of the study (Thursday, August, 14). This is 
. when the blackout occurred in the Northeastern states of the United States and southern 
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Figure 4-18. Stamford Diurnal Pattern - Summer 2003 





The 320 Subsystem (Figure 4-19) had maximum peaks in the morning, as well as peaks 
in the afternoon. The demand factors for the 320 Subsystem in the summer 2003 ranged 
from 0.7 to 1.3. This range of demand factors is the same as the range in the winter 2003 
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Figure 4-19. 320 Diurnal Pattern - Summer 2003 . 
Start I)aterrime: August 11, 2003/12:00 AM 




Water age in the WDS was measured by conducting a field tracer study using fluoride. A 
week prior to the start of each sampling event, the fluoride dosage at the SWTP was 
increased from a normal level of approximately 1 mg/L to approximately 1.5 mg/L (1.25 
mg/L in the summer 2003 event). On the first momlng of the sampling event, the 
fluoride dosage was decreased to approximately 0.5 mg/L (0.47 mg/L in the summer 
2003 event), initiating the tracer study. The tracer step up concentration, the tracer step 
down concentration, the start time, and the start date for each event are summarized in 
Table 4-4. At each of the sampling sites within the Stamford System, fluoride 
measurements were recorded on a periodic basis until the fluoride concentration was 
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observed to be 0.5 mgIL (0.47 mgIL in the summer 2003 event) or lower. Observing the 
fluoride concentration allowed the mean HR.T at each site to be calculated. Fluoride 
concentrations were measured using on site field kits which are not alWays reliable, 
therefore samples were collected and the fluoride was also measured at the SWTP 
laboratory. George Kansas, a graduate student at the University of Massachusetts at 
Amherst, performed all the laboratory analyses for the sampling events and further 
information on the laboratory analyses and data can be found in his Master's Project 
Report, Assessment of Water Age and Quality in the Stamford, Connecticut Water 
Distribution System (Kansas, 2004). 
Table 4-4. Fluoride Tracer Study Parameters 
Tracer Step Tracer Step Step Down Step Down 
Event Up Down (Event Start) (Event Start) Concentration Concentration 
(mWL) (m .. lL) Time Date 
Summer 2002 1.5 0.5 10:45 AM July 29,2002 
Winter 2003 1.5 0.5 9:30AM March 19, 2003 
Summer 2003 1.25 0.47 10:15 AM August 11, 2003 
The tracer study was modeled in WaterCAD® by first setting initial tracer concentrations 
in the WDS. The step up fluoride concentration was set as the initial condition at the 
junctions, in the tanks, in the pumps, in the valves, and in the pipes. The desired time of 
the step down is chosen, and this is the time that is set as the starting time for the model 
simulation. In the model, the initial fluoride concentration in the SWTP effluent was set 
equal to the field step down concentration at the SWTP, for each respective event. Since 
there was not an instantaneous decrease in the fluoride concentration in the SWTP 
50 
clearwell effluent, the observed residence time distribution (RID) of the SWfP clearwell 
was used as model input. The decrease in tracer concentration in the clearwell effluent 
was from the initial (step up) concentration to the new (step down) concentration. The 
model then calculated the resulting tracer concentration within the WDS. 
For the summer 2003 event, field measurements indicated that fluoride concentrationS in 
all locations of the WDS had not increased to the step up concentration at the time of the 
start of the step down in.concentration. Throughout the different subsystems, the fluoride 
concentration was between 1.0 mg/L and 1.2 mg/L at the beginning of the event. 
Therefore, initial tracer concentrations in the model were assigned to each subsystem 
based on the average initial concentration from field measurements. Table 4-5 lists the 
initial tracer concentrations that were used in the model for each of the subsystems for all 
three events. 
Table 4-5. Initial Tracer Concentrations by Subsystem 
Subsystem Event Snmmer2002 Winter 2003 Snmmer2003 
Gravity 1.5 1.5 1.2 , 
320 1.5 1.5 1.0 ' I 
Weed Hill 1.5 1.5 1.1 i 
North Stamford 1.5 I.S 1.1 I 
Laurel 1.5 1.5 1.2 ! 
For both the model and the field, the mean HR.T (i.e. water age) was calculated based on 
. the measured or calculated fluoride (tracer) concentration at a location. First, the 
fractional change in the tracer concentration, or F, is calculated from: 
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F = (C Initial - C Fldd I Model) 
I (CInitial -CyUUJi ) 
(4-2) . 
Where: Fi = Fraction of fluoride tracer step-down change at time i 
Clnilial = Initial fluoride concentration (conservative tracer 
concentration in model) at the SwTP and in the Stamford 
distribution system prior to step.down (both field and 
model) (mgIL) 
CPieldIModel = Fluoride concentration measured in the field 
during the sampling event or conservative tracer 
. concentration predicted by the model for each time step 
(mgIL) 
CFinai = Final fluoride concentration (conservative tracer 
concentration in model) at the SW1P and in the distribution 
system at the end of the step-down (both field and model) 
(mgIL) . 
The elapsed times (AtV between measurement or calculation of fluoride concentration at 
each site were nsed to calculate the mean HRT at that site from: 
Mean HRT = ~(I-Fi)Ati (4-3) 
Appelldix A, Appendix B, and Appendix C contain the field tracer study data for the 
summer 2002, winter 2003, and summer 2003 events, respectively. For each sampling 
site, these tables list the measured fluoride concentrations and time duration after the 
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fluoride step doWn occurred at the SWTP. 
4.8 Chlorine Decay 
The decay in chlorine residual within the WDS was assessed via field measurements and 
model predictions. The chlorine residual in the SWTP clearwell effluent for each event is 
summarized in Table 4-6. On the first moming of the sampling evertt, 16 bottles were 
filled with the SWTP effluent, so that a bottle test for chlorine decay could be performed 
over the course of the sampling event for comparison with the chlorine decay rate within 
the WDS. At each of the sampling sites within the Stamford System, chlorine residual 
measurementS were recorded as part of the field testing routine. The chlorine residual 
was measured using on-site field kits. Details of the laboratory analyses, including the 
bottle decay test and the sampling events can be found in Kansas (2004). Appendix A, 
Appendix B, and Appendix C contain the chlorine decay data for the summer 2002, 
winter 2003, and summer 2003 events, respectively. For each sampling site, these tables 
list the measurements of the chlorine residual versus the duration in time after the step 
down occurred in the SWTP. 
Table 4-6. Chlorine Residual Study Parameters 
Laboratory Water Chlorine Chlorine Chlorine Decay Temperature Residual in the Decay Rate in Rate in the ("C) 
Event SWTP Effluent the WDS (hoi) 
Bottles (h~ (mgIL) 
24.1 -0.03 Summer 1.14 -0.06 2002 
Winter 2003 1.13 .-0.008 -0.008 6.1 
22.7 -0.06 -0.03 Summer 1.13 2003 
53 
According to literature, bo1h chlorine decay and DBP formation are dependent on 
temperature. A recent summary of1he literature (Sadiq and Rodriguez, 2003) shows that 
, the temperature dependence of 1he formation may be characterized by a power function 
model where by the temperature coefficient is in the range of 0.14 to 1.44, with an 
average of 0.71. Assuming temperature has the same influence on chlorine decay as it 
does on THM formation, decay rates should differ by 1he ratio of temperatures to the 
'power of 0.71. The two summer events had similar mean water temperatures ,and the 
same decay rates. If we accept 1his assumption, the winter 2003 event should have had a 
decay rate of approximately -0.02/h. The measured ~ was -0.008/h, therefore 1he 
temperature dependence was some what larger than expected. 
The chlorine decay was modeled by :first setting the initial chlorine residual at all 
locations (junctions, tanks, pumps, valves, and pipes) within the WDS. The chlorine 
residual in 1he SWIP clearwell effluent is set to the free chlorine residual 1hat was 
measured in the SWIP clearwell effluent in the field. After the initial ,concentrations are 
set, several decay rates can be assigned within the pipes. Either a bulk water decay rate, 
k (h-I), or a wall decay rate is assigned, or both. The desired start time for the model 
simulation is chosen. The model then calculated the chlorine residual within the WDS. 
For 1his study, chlorine decay was, modeled by setting the initial chlorine residual at all 
locations within the WDS to be 0 ingIL. Having the initial chlorine residual as 0 mg/L at 
all locations in the WDS allowed for ,easy identification of the average chlorine residual 
at sites throughout the WDS; with no initial chlorine residual in the model WDS, there 
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eventually is an increase in the chlorine residual at each site. The average of the chlorine 
residuals was calculated after the initial increase in chlorine residual and this average 
concentration is identified as the model prediction of the chlorine residUal at that location. 
The chlorine decay rates for the distribution system were applied in the model as bulk 
water decay rates. One chlorine decay rate was determined based on laboratory analyses 
of the sampling bottles. Chlorine. decay rates for use in modeling were also estimated 
from field observations of water age and chlorine residual (Kansas, 2004). The 
laboratory and field estimated chlorine decay rates for each· event are summarized in 
Table 4-6. The field estimated chlorine decay rate, k (h-l), was applied as a bulk water 
decay rate for all pipes in the network. The rates differ between the summer and winter 
seasons by almost a factor of 10 due to temperature difference. Since the bulk water . 
decay rate in the model (i.e., the field estimated chlorine decay rate) takes into account 
the decay of chlorine due to the pipe wall and biofilms, no wall decay rate was assigned 
in the model. However, for the summer events, the laboratory chlorine decay rates were 
50% lower than the field chlorine decay rates. This indicates that the role of the pipe 
walls in the decay of chlorine is important at higher temperatures. 
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CHAPTER 5: RESULTS AND DISCUSSION 
1bis chapter presents and discusses the model predictions of both water age and free 
chlorine residual in comparison to the field results. The relationship between free 
chlorine residual and DBP formation are presented and discussed as well as potential 
Stage II DBP monitoring sites. 
5.1 Water Age 
In this section, comparisons between field tracer (fluoride) study results and model tracer 
concentration predictions, and field versus model water ages, are presented. Theresults 
are presented separately for each event and each subsystem of the WDS. For reference, 
Figure 5-1 is a map of Stamford, CT and illustrates the location of the different sampling 
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Figure 5-1. Map of Stamford Distribution Sampling Sites and Storage Facilities 
(Base Map - City or Stamford, CT Website, 2003) 
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5.1.1 Summer 2002 
Figure 5-2 compares field and model fluoride concentrations for the SWTP c1earwell. 
The field results are the solid filled data points, and the model output is the dashed line. 
The model output fits the field data because the model step down input curve was fit to 
the field tracer data to properly model the observed RID of the SWTP clearwell. The 
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Figure 5-2. SWTP Summer 2002 Field versuS Model 
Start DatelTime: July 29, 2002110:45 AM 
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Figure 5-3 shows field versus model comparisons for fluoride concentrations for four 
sites in the Gravity Subsystem. The model closely predicts the observed fluoride step 
down at the VRPS. However, the model tracer concentration does not reach 0.5 rngIL, 
58 
the input concentration at the SWTP clearweIl; the steady state model tracer 
concentration is 0.52 mgIL. The mean HRT fo.r the VRPS site was 2 hours based on field 
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Figure 5-3. Gravity Summer 2002 Field versus Model 
Start Datetrime: July 29, 2002/10:45 AM 
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Field data from the Stamford Yacht Club (SYC) site (Figure 5-3) suggest the influence of 
older age water from the Blachley Road Tank approximately 15 hours after the initial 
step down in the SWTP c1earwell. The model did not predict this influence, and 
predicted that the step down occurred at the SYC site approximately 7 hours later than 
was witnessed in the field. The model prediction of the mean HRT at the SYC site was 
18.1 hours, compared to the field calculation of 14.4 hours, and the steady state 
59 
concentration was 0.68 mgIL (greatertban 0.5 mgIL). 
Field data for the Kitchens by Dean (KBD) site (Figure 5-3) showed some influence of 
. older age water from the Blachley Road Tank approximately 12 hours after the initial 
step down in the SWTP clearwell as the fluoride concentration stopped decreasing and 
increased slightly. The model predicted this, but shows a much more significant input of 
older water (higher fluoride concentration) discharging from the Blachley Road Tank and 
supplying the KBD site periodically during the study period. In the model, there tended 
to be greater and more frequent influence from the tank earlier in the study, but as time 
elapsed, the influence was not as great and less :frequent. Initially, the model predicted 
the step down to occur approximately 5 hours after it had occurred in the field, but due to 
the modeling of the influence of the older water, the time difference between the field and 
model grew. For sites that are influenced by older water (i.e. discharges from storage 
tanks), the mean HRT was calculated using the predicted tracer concentrations up until 
the initial "steady state" tracer concentration. If there is influence of older water before 
the initial "steady state" tracer concentration has been reached, the spikes of higher tracer 
concentrations were omitted when calculating F values and the mean HRT. The spikes of 
older water were omitted because it is not possible to estimate the mean HRT of the older 
water originating from the tank. The steady state concentration in the model is 0.63 
mgIL, and the model predicted a mean HRT of 11.3 hours at the KBD site, which is 
longer than the field calculated mean HRT of 6.9 hours. 
Field data for the Stamford Waste Water Treatment Plant (SWWTP) site (Figure 5-3) 
suggest a slight influence of older age water from the Blachley Road Tank approximately 
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12 hours after the initial step down in the SWTP clearwell. The model did predict this 
influence, and at the same time as observed in the field, however, the tracer concentration 
in the model was higher than the concentration in the field when older aged water from 
the Tank reached the SWWTP site. The model also predicted the step down occurring at 
the SWWTP site approximately 5 hours later than was witnessed in the field. Note that 
the steady state tracer concentration (0.66 mgIL) is greater than 0.5 mgIL here also. The 
mean HRT for the SWWTP site was 6.8 hours in the field and 10.4 hours in the model. 
Figure 5-4 shows model and field tracer concentrations for three siteS in the 320 
Subsystem. The model closely predicts the fluoride step down at the BPS. As shown in 
Figure 5.4, a steady state concentration of 0.61 mgIL is reached. The model prediction of 
the mean HRT at the BPS site was 6.8 hours, compared to the field calculation of 5.3 
hours. 
Field data from the Pond Road site (Figure 5·4) suggest the influence of older age water, 
from the Roxbury Tank, between 10 and 20 hours after the initial step down in the SWTP 
clearweU. The model predicted this type of influence, however, the influence was 
predicted to occUr later, between 20 and 30 hours after the initial step down in the SWTP 
clearwell. The model also predicted that the step down occurred at the Pond Road site 
approximately 10 hours later than was witnessed in the field. After the possible influence 
from the Roxbury Tank, the model showed a drastic drop in the tracer concentration. 
However, in the field, the fluoride concentration gradually decreased. The steady state 
concentration in the model is 0.53 mgIL, and the model predicted a mean HRT of 25.5 
61 
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Figure 5-4. 320 Summer 2002 Field versus Model 
Start Datetrime: July 29, 2002/10:45 AM 
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Field data from the Pond Road site (Figure 5-4) suggest the influence of older age water, 
from the Roxbury Tank, between 10 and 20 hours after the initial step down in the SWTP 
clearwell. The model predicted this type of influence, however, the influence was 
predicted to occur later, between 20 and 30 hours after the initial step down in the SWTP 
. , 
clearwell. The model also predicted that the Step down occurred at the Pond Road site 
approximately 10 hours later than was witnessed in the field. After the possible influence. 
from the Roxbury Tank, the model showed a drastic drop in the tracer concentration. 
However, in the field, the fluoride concentration gradually decreased. The steady state 
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, 
concentration in the model is 0.53 mgIL, and the model predicted a mean HRT of 25.5 . 
hours at the Pond Road site, which is longer than the field calculated mean HRT of 14.2 
hours. 
At the Turn of River Fire Station (fORFS) site (Figure 5-4) the model predicted the step 
down to occur approximately 5 hours earlier than occurred in the field. In the model, a 
steady' state concentration of 0.54 mgIL is reached. The mean HRT for the TORFS site 
was 13.9 hours in the field and 8.6 hours in the model. The nature of the observed 
decrease in tracer concentration was well described by the model. 
As shown in Figure 5-5, the model closely predicts the fluoride step down at the Pepper 
Ridge Road site in the Weed Hill Subsystem. The possible influence of older water from 
the Weed Hill Tank are suggested by both the field and the model results approximately 
10 hours after the step down in the SWTP c1earwell. However, the model predicts a 
larger impact than observed in the field. In the model, the steady state concentration is 
0.55 mgIL. The model prediction of the mean HRT at the Pepper Ridge Road site was 
7.3 hours, compared to the field calculation of 4.8 hours. This prediction of the longer 
mean HRT is probably due to input into the Weed Hill Subsystem frgm the NRV. Since 
field data for the flows through the NRV were not available, higher flows through the 
NRV could have been modeled compared to the actual flows through the NRV. 
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Figure 5-5. Weed Hill Summer 2002 Field versus MOdel 
Start DateJTime: July 29, 2002/10:45 AM 
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Figure 5-6 shows model and field tracer concentrations for three sites in the Laurel 
Subsystem. The model closely predicts the fluoride step down at the Giovanni's Market 
site. The time until step down was initially over estimated, hence only the tail end of the 
step down was captured in the field data. The steady state concentration in the model is 
0,54 mg/L, and the model predicted a mean HRT of21.8 hours at the Giovanni's Market 
site, which is longer than the field calculated mean HRT of 18.3 hours. 
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Figure 5-6. Laurel Summer 2002 Field versus Model 
Start Datetrime: July 29, 2002/10:45 AM 
The model predicted the first half of step down occurring at the Long Ridge Fire Station 
#2 (LRFS) site (Figure 5-6) earlier than in the field, and the second half of the step down 
occurring later than in the field. The model predicted that the step down occurred 
approximately 35 hours after the initial step down in the SWTP clearwell. while field 
data showed significant fluoride concentration decrease after 28 to 35 hr$. In the model, 
a steady state concentration of 0.54 mg/L is reached. The mean HRT for the LRFS site 
was 32.4 hours in the field and 35.2 hours in the model. 
Atthe Ridgecrest Road (RR) site (Figure 5-6) the model predicted the step down to occur 
between 10 to 15 hours later than occurred in the field. . In the model, a steady state 
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concentration of 0.56 mgIL is reached. The model prediction of the mean HRT at the RR 
site was 59 hours, compared to the field calculation of 46 hours. The model. tracer 
concentration decrease is also sharper than observed in the field. 
Table 5-1 compares the mean HRT data observed in the field with the mean HRT 
predicted by the model for the summer 2002 event. Appendix A contains the model 
predictions and field measurements of the tracer concentrations for the summer 2002 
event. Figure 5-7 is a comparison of the model and field results for the mean HRTs of 
the sites. With the exception of the TORFS site, the model calculated mean HRTs that 
ranged from 9% to 80% higher than the mean HRTs experienced in the field. On 
average, the model calculated mean HRTs were 33% longer than the mean HRTs 
experienced in the field. 
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Table 5-1. Comparison of the Observed and Model Hydraulic Residence Time and 
Chlorine Residual Data for Summer 2002 
Mean ORT (hrs) Average Free Chlorine Residual {, .Il .\ Sample Site % Field Model % Field Model Difference Difference 
SWTP- 1.1 1.7 1.2 1.14 1.14 0 Emuent 
Vine Road 2.0 3.5 76 1.03 0.99 -3.6 PS 
Pepper 4.8 7.3 51 0.66 0.77 16 Ridge Road 
HycliffPS 5.3 6.8 29 0.84 0.77 18 i 
Stamford 6.8 10 54 0.65 0.58 -10 WWTP 
Kitchens by 6.9 11 64 0.64 .0.51 -20 Deane 
Tum of 14 8.6 -38 0.50 0.69 37 RiverFS#2 
Pond Road 14 26 80 0.46 026 -43 
Stamford 14 18 26 0.16 0.36 127 Yacht Club 
Giovanni's 18 22 . 19 0.20 0.33 66 Market 
Long Ridge 32 35 8.9 0.17 0.16 -7.9 FS#2 
Ridgecrest 46 59 28 0.Q7 0.Q3 -63 Rd 
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Figure 5-7. Mean Hydraulie Residenee Time - Field versus Model Summer 2002 
5.1.2 . Winter 2003 
Figure 5-8 compares field and model fluoride concentrations for the SWfP. The model 
output fits the field data because the model step down input curve was fit to the field 
tr~r data to properly model the observed RID of the SWfP clearwell. The field 
observed meanHRT of the c1earwell was 1.8 hours. 
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Figure 5-8. SWTP Winter 2003 Field versus Model 
S~ Datetrime: March 19,200319:30 AM 
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Figure 5-9 shows field versus model comparisons for fluoride concentrations for three 
sites in the Gravity Subsystem. The model closely·predicts the observed fluoride step 
down at the VR]lS. As in the summer 2002 event, the model tracer concentration does 
not reach 0.5 mgIL at all the sites; the steady state tracer concentration is 0.56 mgIL. The 
model predicted a mean HRT of 4 hours at the VRPS site, which is longer than the field 
calculated mean HRT of 3.3 hours. The model more closely predicted the mean HRT at 
the VRPS in the winter 2003 event than in the summer 2002 event. The model over 
predicted the mean HRT at the VRPS by 76.2% in the summer 2002 event and only by 
21.7% in the winter 2003 event. The model predicted a mean HRT of 4 hours at the 
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Figure 5-9. Gravity Wmter 2003 Field versus Model 
Start Datetrime: March 19, 2003/9:30 AM 
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The model predicted the step down to occur at the SYC site (Figure 5-9) at approximately 
the same time as was witnessed in the field data (approximately 30 hours after the initial 
step down in the SWTP clearwell), however, the field data suggested a more gradual step 
. doWn than the model. The steady state tracer concentration (0.70 mgIL) is greater than 
0.5 mgIL here also. The mean HRT for the SYC site was 26.6 hours in the field and 28.3 
hours in the model. The model more closely predicted the mean HRT at the SYC in the 
winter 2003 event than in the summer 2002 event The model over Predicted the mean 
HRT at the SYC by 25.7%. in the summer 2002 event and only by 6.4% in the winter 
2003 event. 
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Field data for the KBD site (Figure 5-9) showed only slight influence of older age water 
from the Blachley Road Tank approximately 18 hours after the initial step down in the 
. . 
SWTP c1earwell. The model predicted influence from the Blachley Road Tank, but not 
until after approximately 23 hours had elapsed. The model also suggested several periods 
of high influence of older aged water from the B1achley Road Tank. These periods of 
older.W3ter did not occur as often as in the summer 2002 model, and the concelltration in 
the older water was not as high. The spikes of influence were not very frequent. The 
model predicted the step down pattern and its occurrence at the same time as in the field, 
but the concentrations in the model were 0.1 mgIL higher than the associated 
concentration in the field. The steady state tracer concentration (0.60 mgIL) is greater 
tbrui 0.5 mgIL here also. The model prediction of the mean HRT at the KBD site was 
15.9 hours, compared to the field calculation of 11.1 hours. The mean HRT at the KBD 
site was over predicted by 64.3% in the summer 2002 event, compared to 43% in the 
winter 2003 event. 
Figure 5-10 shows model and field tracer concentrations for two sites in the 320 
subsystem. The model did not accurately predict the fluoride step down at the HPS. The 
field showed a gradual step down over a period of approximately 40 hours, however, the 
model predicted a more drastic step down that occurred approximately 10 hours after the 
initial step down in the SWTP clearwell. The modet shows no influence from the 
Roxbury Tank, where the field shows there might be some influence. The steady state 
concentration in the model is 0.61 mgIL, and the model predicted a mean HRT of 8.4 
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hours at the HPS site, which is shorter than the field calculated mean HRT of 19.9 hours. 
The mean HRT at the HPS site was over predicted by 28.6% in the summer 2002 event, 
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Figure 5-10. :l20 Winter 2003 Field versus Model 
Start Datefl'ime: March 19,200319:30 AM ' 
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The model closely predicts the fluoride step down at the TORFS site (Figure 5-10). The 
only variation is that the conservative tracer concentration does not reach 0.5 mg/L in the 
model, with a steady state tracer concentration of 0.56 mg/L. The mean HRT for the 
TORFS site was 6.7 hours in the field and 7.9 hours in the model. The model more 
closely predicted the mean HRT at the TORFS in the winter 2003 event than in the 
summer 2002 event. The model under predicted the mean HRT at the TORFS by 37.8"10 
72 
in the summer 2002 event and over predicted the mean HRT by 17.5% in the winter 2003 
event. 
As shown in Figure 5-11, the model closely predicts the fluoride step down at the Pepper 
;Ridge Road site in the Weed Hill Subsystem. The steady state tracer concentration (0.60 
mg/L) is greater than 0.5 mgIL here also. The mean HRT for the Pepper Ridge Road site 
was 7.9 hours in the field and 12.1 hours in the model. The model predicted the mean 
HRT at the Pepper Ridge Road approximately the same for both events, over predicting 
the mean HRT by 51.3% in the summer 2002 event and by 53.7% in the winter 2003 
event. 
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Figure 5-11. Weed Hill Winter 2003 Field versus Model 
Start Dateffime: Mareh 19,2003/9:30 AM 
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Figure 5-12 shows model and field tracer concentrations for three sites in the Laurel 
Subsystem. The model closely predicts the later half of the fluoride step down at the 
Giovanni's Market site. The steady state tracer concentration (0.58 mg/L) is greater than 
0.5 mg/L here also. The mean HRT for the Giovanni's Market site was 44.3 hours in the 
field and 53.2 hours in the model. The model predicted the mean HRT at the Giovanni's 
Market approximately the same for both events, over predicting the mean HRT by 19.2% 
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Figure 5-12. Laurel Winter 2003 Field versus Model 
Start Daterrime: Mareh 19,2003/9:30 AM 
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The model predicted the first half of step down occurring at the LRFS site (Figure 5-12) 
earlier than in the field, and the second half of the step down occurring later than in the 
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field. However, the model predicted the step down occurring approximately 87 houts 
after the initial step down in the SWTP c1earwell versus between 60 and 120 hours in the 
field. The steady state concentration in the model is 0.58 mgIL, and the model predicted 
a mean HRT of 87.6 hours at the LRFS site, which is longer than the field calculated 
mean HRT of 85.7 hours. The mean HRT at the LRFS site was over predicted by: 8.9% 
in the summer 2002 event, compared to ouly 2.2% in the winter 2003 event. 
At the RR site (Figure 5-12) the model predicted the step down to occur slightly earlier 
and more drastically than witnessed in the field. The steady state tracer concentration 
(0.59 mgIL) is greater than 0.5 mglLhere also. The model prediction of the mean HRT 
at the RR site was 150.3 hours, compared to the field calculation of 158.4 hours. The 
model more closely predicted the mean HRT at the RR in the winter 2003 event than in 
the summer 2002 event. The mean HRT at the RR site was over predicted by 28.4% in 
the sUmmer 2002 event, compared to an under prediction of 5.1% in the winter 2003 
event. 
Table 5-2 compares the mean HRT data observed in the field with the mean HRT data 
predicted by the model for the winter 2003 event. Appendix B contains the model 
predictions and field measurements of the tracer concentrations for the winter 2003 event. 
Figure 5-13 is a comparison of the model and field results for the mean HRTs of the sites. 
Note the longer mean HRTs due to the lower demands as compared to summer 2002. 
With the exception of the lIPS and RR, the model calculated mean HRTs were 2.2% to 
54% higher than the mean HRTs experienced in the field. On average, the model 
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calcwated mean HRTs were 11% higher than the mean HRTs experienced in the field. 
Table 5-2. Comparison of the Observed and Model Mean Hydraulic ResidenCe 
Time and Chlorine Residual Data for Winter 2003 
Mean HRT (hrs) Average Free Chlorine Residual (m1!'/L) Sample Site % Field Model % Field Model DifferenCe Difference 
SWTP- 1.8 2.0 11 1.13 1.13 0 Emuent 
VineRoadPS 33 4.0 22 0.88 1.09 24 
Stamford 27 28 6.4 0.60 0.78 30 YachtCIub 
Kitchen's By 11 16 43 0.91 0.81 -10 Deane 
H.vcJiffPS 20 8.4 -58 0.72 1.01 40 
Turn of River 6.7 7.9 17 0.88 0.82 -7.0 FS 
Pepper Ridge 
0.85 0.99 17 
I 
Road (Weed 7.9 12 54 
Hill) 
Giovanni's 44 53 20 0.67 0.70 4.7 Market 
Long Ridge 86 88 2.2 039 0.54 38 FS#2 
Ridgecrest I 158 150 -5.1 0.26 0.30 16 Road 
-
76 
160 t 7 .,/ 71 160 
... "" ..... 
1401 /' //" //' + 140 
./ ". .. " / /' 
.... " /" 
1201 / / // / +120 
.-"/ /" 
100 ,/<~// +100 




60 //// + 60 
,,</ • SWTP • Vine Road 
401 
/.(;/ ... SYC • KBD ~? • Hycliff • TORFS 1+ 40 
~' 0 Pepper Ridge ~ Giovanni's 
201 • ~ " LRFS 0 Ridgecrest 1+ 20 
, . -- 100% Correlation --95% Correlation 
--85% Correlation 
o 1""- 10 
·0 20 40 60 80 100 120 140 160 
Field(br) 
Figure 5-13. Mean Hydraulic Residence Time - Field versus Model Wmter 2003 
5.1.3 Summer 2003 
Figure 5-14 compares field and model fluoride concentrations for the SWTP c1earwell. 
The model output fits the field data because the model step down input curve was fit to 
the field tracer data to properly model the observed RID of the SWTP c1earwell. The 
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Figure 5-14. SWTP Summer 2003 Field versus Model 
Start Dateffime: August 11, 2003110:15 AM . 
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Figure 5-15 shows field versus model comparisonS for fluoride concentrations for two 
sites in the Gravity Subsystem. Field data from the SYC site (Figure 5-15) suggest the' 
possible influence of older age water from the Blachley Road Tank approximately 24 
hours after the initial step down in the. SWTP c1earwell. The model did not predict this 
influence, and predicted the step down occurring at the SYC site approximately 15 hours 
later than was witnessed in the field. After the possible influence from the Blachley Road 
Tank in the field, the model prediction was approximately 10 hours later. As in the 
previous two events, the model tracer concentration does not reach 0.47 mg/L, the 
summer 2003 step down concentration, at all the sites. The steady state model tracer 
concentration at the SYC site was 0.67 mg/L. The mean HRT for the SYC site was 12.6 
78 
ho1.U'S in the field and 27.8 ho1.U'S in the model. The model most closely predicted the 
mean HRT at the SYC in the winter 2003 event as compared to either of the two summer 
events. The model over predicted the mean HRT at the SYC by 25.7% in the summer 
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Figure 5-15. Gravity Summer 2003 Fieid versus Model 
Start DateffiDle: August 11,2003/10:15 AM 
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Field data for the KBD site (Figure 5-15) showed some influence of older age water from 
the Blachley Road Tank approximately 16 ho1.U'S and 24 ho1.U'S after the injtial step down 
in the SWIP clearwell. The model predicted this, but suggested periods of influence at 
approximately 24 hours, 48 hours, and 70 ho1.U'S after the initial step down in the SWIP 
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clearwell. As in the winter 2003 model, these periods of older water did not occur as 
often as in the SUlDlIler 2002 model, and the concentration in the older water was not as 
high. The spikes of influence were not very frequent. Initially, the model predicted the 
step down to begin at the same time as in the field, but the model step down was more 
gradual. Since the step down in the model was more gradual, the model predicted the 
step down to occur approximately 5 to 8 hours after it occurred in the field. The steady 
state concentration in the model is 0.63 mgIL, and the model predicted a mean HRT of 
15.1 hours at the KBD site, which is longer than the field calculated mean HRT of 9.8 
hours. The mean HRT at the KBD site was over predicted by 43% in the winter 2003 
event, compared to 64.3% in the summer 2002 event and 54% in the summer 2003 event. 
Figure 5-16 shows model and field tracer concentrations for two sites in the 320 
Subsystem. The model does not accurately predict the observed decrease in fluoride at 
the Canfield Drive site. The field data indicates a gradual step down with occasional 
slight influences of older aged water from the Roxbury Tank. The tracer decrease begins 
approximately 35 hours after the initial step down in the SWTP clearwell. The model 
. predicts a drastic step down approximately 70 hours after the initial step down in the 
SWTP clearwell, but after approximately 5 hours, there is the presence of older aged 
water from the Roxbury Tank with high tracer concentration. The steady state tracer 
concentration is 0.55 mgIL. The model prediction of the mean HRT at the Canfield 
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Figure 5-16. 320 Summer 2003 Field versus Model 
Start DatelTime: August 11,2003/10:15 AM 
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The limited field data from the Walter Lane site (Figure 5-16) suggests a gradual step 
down, possibly due to the influence of older age water from the Roxbmy Tank. The 
Walter Lane site is directly downstream of the Roxbmy Tank. During different periods 
of time, the model predicts that the Walter Lane site is influenced by either older water 
from the Roxbmy Tank, water from the SWTP c1earwell effluent, or a combination of 
both. Due to the varying tracer concentrations as a result of different water sources to 
this site, it is difficult to accurately calculate a mean HRT for the Walter Lane site. 
Therefore, the mean HRT at the Walter Lane site was not calculated based on model 
predictions. The mean HRT for the Walter Lane site was 66 hours in the field. The 
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pseudo steady state model tracer concentration (0.55 mgfL) is greater than 0.47 mgfL 
here also. 
Figure 5-17 shows model and field tracer concentrations for the 2 sites in the Weed Hill 
Subsystem. The model closely predicts the fluoride step down at the Weed Hill Avenue 
site, just downstream of the Weed Hill Tank. The only variation is the initial high spike 
in concentration. This is due to the evidence that the initial tracer step lip might have still 
been occurring in the WDS when the step down occurred. As a result, concentrations had 
not quite reached the step up concentration before the step down occUrred. This was 
unable to.be accurately modeled in the WaterCAD® model, hence there is the initial spike 
at the beginning of the step down. The steady state concentration in the model is 0.52 
mg/L, and the model predicted a mean HRT of 3.2 hours at the Weed Hill Avenue site, 
which is longer than the field calculated mean HRT of2.7 hours. 
The model also closely predicts the fluoride step down at the Colonial Road s.ite (Figure 
5-17). The field data suggested slight influences of older aged water from the Weed Hill 
Tank approximately 20 and 30 hours after the initial step down in the SWTP clearweU. 
The model also predicted such influences after approximately the same amount of time 
had elapsed. The steady state model tracer concentration (0.58 mgfL) is greater than 0.47 
mg/L here also. The mean HRT for the Colonial Road site was 14.8 hours in the field 
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Figure 5-17. Weed Hill Summer 2003 Field versus Model 
Start DateJTime: August 11, 2003/10:15 AM 
Figure 5-18 shows model and field tracer concentrations for five sites in the Laurel 
Subsystem. At the Scofieldtown Road site, the model predicted the step down to occur 
approximately 5 hours earlier than witnessed in the field. The steady state tracer 
concentration of 0.48 mg/L is slightly greater than the input of 0.47 mg/L. The model 
prediction of the mean HRT at the Scofieldtown Road site was 3.7 hours, compared to' 
the field calculation of 5.5 hours. 
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Figure 5-18. Laurel Summer 2003 Field versus Model 
Start Dateffime: August 11, 2003/10:15 AM 
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At. the Briar Brae Road site (Figure 5-18), the m.odel predicted the step down to occur 
approximately 7 hours earlier than witnessed in the field. The steady state concentration 
in the model is 0.50 mgfL, and the model predicted a mean HRT of 6.8 hours at the KBD 
site, which is shorter than the field calculated mean HRT of 9.1 hours. 
At the Giovanni's Market site (Figure 5-18), the model predicted the step down to occur 
approximately 12 hours earlier than witnessed in the field. The steady state model tracer 
concentration of 0.53 mgfL is greater than 0.47 mgfL here also. The mean HRT for the 
Giovanni's Market site was 24.8 hours in the field and 18.8 hours in tQe model. The 
model more closely predicted the mean HRT at the Giovanni's Market in the summer 
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2002 and winter 2003 events than in the SUinmer 2003 event. The model over predicted 
the mean HRT at the Giovanni's Market by 19.2% in the swnmer 2002 event and by 
20.2% in the winter 2003 event, and under predicted the mean HRT at the Giovanni's 
Market by 24.2% in the swnmer 2003 event. 
At the Riverbank Road site (Figure 5-18), the model predicted the step down to occur 
approximately 30 hours earli~r than witnessed in the field. The steady state tracer 
concentration reached 0.55 mg/L. The model prediction of the mean HRT at the 
Riverbank Road site was 42.2 hours, compared to the field calculation of 41.1 hours. 
At the RR site (Figure 5-18), the model predicted the step down to occur approximately· 
22 hours earlier than witnessed iIi the field. The steady state concentration in the model 
is 0.51 mg/L, and the model predicted a mean HRT of 48.3 hours at the RR site, which is 
longer than the field calculated mean HRT of 45.1 hours. The mean HRT at the RR site 
·was under predicted by 5.1 % in the winter 2003 event and over predicted by 5.1% in the 
summer 2003, as compared to an over prediction of 28.4% in the summer 2002 event. 
With the exception of the Riverbank Road and RR sites, the model predicted the step 
down in Laurel sites quantitatively much earlier than witnessed in the field. As the mean 
HRT increased from site to site, the model predicted the step down to occur at the 
respective sites earlier and earlier. The Scofieldtown Road site bad the shortest mean 
HRT (5.5 hours) and the model under predicted the mean HRT at the Scofieldtown Road 
site by 1.8 hours (33%). The Briar Brae Road site had the next shortest mean HRT (9.1 
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homs) and the model under predicted the mean HRT at the Briar Brae Road site by 2.3 
homs (25%). The Giovanni's Market site had the median mean HRT (25 homs) and the 
model under predicted the mean HRT at the Giovanni's Market site by 6 homs (24%). 
Table 5-3 compares the mean HRT data observed in the field with the mean HRT 
predicted by the model for the summer 2003 event. Appendix C contains the model 
predictions and field measmements of the tracer concentrations for the summer 2003 
event. Figure 5-19 is a comparison of the model and field results for the mean HRTs of 
the sites. Note the longer mean HRTs due to the lower demands in summer 2003 event, 
compared to the summer 2002 event. With the exception of Scofieldtown Road, Briar 
Brae Road, and Giovanni's Market, the model calculated mean HRTs that ranged from 
2.6% to 120% higher than the mean HRTs experienced in the field. On average, the 
model calculated mean HRTs were 15% higher than the mean HRTs experienced in the 
field. 
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Table 5-3. Comparison of the Observed and Model Mean Hydraulic Residence 
Time and Chlorine Residual Data for Summer 2003 
Mean HRT (hrs) Average Free Chlorine Residual (m!!IL) Sample Site % % Field Model Difference Field Model Difference 
SWTP- 1.5 1.5 0 1.13 1.13* 0* I Effiuent 
Weed Hill 0 
j 
2.7 3.2 19 0.84 0.84 Avenue 
Scofieldtown 5.5 3.7 -33 0.58 0.94 62 I Road 
Briar Brae 9.1 6.8 -25 0.55 0.77 40 I Road 
Kitchen's By 9.8 15 54 0.57 0.40 30 Deane 
Stamford 13 28 120 0.18 0.20 11 Yacht Club 
Colonial Road 15 19 29 0.35 0.36 2.9 
Giovanni's 25 19 -24 0.28 0.42 50 Market 
Riverbank 41 42 2.6 0.09 0.16 78 Road 
Ridgecrest 46 48 5.7 0.06 0.07 17 Road 
Canfield Drive 50 56 12 0.05 0.02 -60 
Walter Lane 66 N/CT N/A 0.02 0.11 450 
*Set based on field data. 
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Figute 5-19. Mean Hydraulic Residence Time - Field versus Model Summer 2003 
5.1.4 Overall Discussion of Water Age 
For most locations, the modeled tracer concentrations never decreased to the step down 
level input to the system from the SWTP clearwell, with the model predicted steady state 
tracer concentration increasing as the mean HRT increased. Sites with long mean HRTs 
(i.e. RR) had model fluoride concentrations that decreased to only 0.56 mg/L to -0.60 
mg/L. These results suggest a problem with WaterCAD® for modeling a tracer as the 
only source of tracer input in the model is the SWTP clearwelL 
Selected sites within the Laurel System had the longest HRTs for the events with the 
exception of the summer 2003 event where the longest HRTs were at some locations in 
the 320 Subsystem. Lack of looping in the Laurel System model due'to skeletonization 
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may be the cause of the differences in the mean HRTs estimated from field data and 
calculated from the model predictions. This occurs because skeletonization can remove 
flow paths from what are actually looped networks and falsely increase flows in the 
system. 
Due to the lack of actual detailed water demand distribution and water demand patterns, 
water demand distributions and patterns applied in the model are not fully representative 
of the field conditions. This lack of information and proper modeling must alter the 
water age predictions by the model significantly. 
5.2 Chlorine Residual 
In this section, a comparison between the field free chlorine residual data and the model 
free chlorine residual predictions is presented. In the field, the chlorine residual was 
measured .. Kansas (2004) used the field data of the free chlorine residual to determine a 
1 st order decay rate, and this decay rate was used in the model. For all three events, the 
chlorine residual in the SWTP clearwell effluent was set equal to what was measured in 
the field. Therefore, the free chlorine residual in the SWTP clearwell is the same in both 
the model and the field. 
5.2.1 Summer 2002 
The bulk water chlorine decay rate for modeling the summer 2002 event is -l.44/day (-' 
0.06/h). Table 5-1, presented earlier, compares the chlorine residual and mean HRT data 
observed in the field with the model chlorine residuals and mean HRTs for the summer 
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2002 event. Appendix A contains the model predictions and field measurements of the 
free chlorine residuals for the summer 2002 event. Figure 5-20 is a plot of free chlorine 
residual in the distribution system versus the mean HRT for both field data (solid 
symbols) and model predictions (open symbols). The model results follow the decay rate 
as noted by the black curve. The black curve is the line ofbest fit resulting from a decay 
rate that includes both the bulk water and pipe waIl effects. This decay rate is based on 
the field estimates of mean HRTs and the field measurements of the free chlorine 
residuals. The exponent of the equation of this curve yields the first order decay rate of 
chlorine in the WDS. 
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Figure 5-20. Chlorine Residual- Summer 2002 
As illustrated in Figure 5-21, seven of the sites (VRPS, SWWTP, KBD, Pond Road, 
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Giovanni's Market, LRFS, and RR) had model predicted free chlorine residuals that were 
from 3.6% to 62.5% less than the chlorine residuals measured in the field. Four of the 
sites (SYC, TORFS, Pepper Ridge Road, and lIPS) had model predicted free chlorine 
. residuals that were from 16.2% to 127.1% greater than the chlorine residuals measured in 
the field. On average, the model calculated mean chlorine residuals were 9.8% higher 
than the mean chlorine residuals experienced in the field. 
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Fignre 5-21. Chlorine Residual- Field versus Model Summer 2002 
The differences in free chlorine residual predictions between the model and the field are 
in agreement with the results from the tracer study. As illustrated in Figure 5-7 
(presented earlier), those sites that had lower predicted chlorine concentrations also had 
. longer predicted mean HRTs, and vice versa. The longer the HRT, the lower the chlorine 
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concentration since the longer reaction time allows for greater decay of the chlorine. 
There are a few exceptions to this. The Pepper Ridge Road, HPS, SYC, and Giovanni~s 
Market sites had longer mean HRTs and higher free chlorine residuals than predicted by 
the model. These exceptions are probably due to either other differences in the water 
quality, fewer pipe wall effects, or some hydraulics aspects of the model that are different 
than in the field. Generally, the model data sets and the field data sets do correlate with 
themselves (i.e., between water age and free chlorine residual). As observed in the field, 
the highest model chlorine residual was at the SWTP and the lowest model chlorine 
residual was at RR in the Laurel System. 
5.2.2 Winter 2003 
The bulk water chlorine decay rate for modeling the winter 2003 event is -0.194/day (-
O.OOS/h). The winter 2003 bulk water chlorine decay rate is much lower than the-bulk 
water chlorine decay rate for the summer 2002 event. Table 5-2, presented earlier, 
compares the model and field chlorine residual and mean HRT data for the winter 2003 
event. Appendix B contains the model predictions and field measurements of the free 
chlorine residuals for the winter 2003 event. Figure 5-22 is a plot of the free chlorine in 
- the distribution system versus the mean HRT for both the field data (solid symbols) and 
the model predictions (open symbols). The model results follow the decay rate as noted 
by the black curve. 
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Figure 5-22. Chlorine Residual- Winter 2003 
As illustrated in Figure 5-23, seven of the sites (VRPS, SYC, lIPS, Pepper Ridge Road, 
Giovanni's Market, LRFS, and RR) had model predicted free chlorine residuals that were 
. from 4.7% to 39.8% greater than the chlorine residuals measured in the field. Two of the 
sites (KBD and TORFS) had model predicted free chlorine residuals that were from 7% 
to 10.4% less than the chlorine residuals measured in the field. On average, the model 
calculated mean chlorine residuals were 15.2% higher than the mean chlorine residuals 
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Figure 5-23. Chlorine ResiduaI- Field versus Model Winter 2003 
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The differences in free chlorine residual predictions between the model and the field are 
in agreement with the results from the tracer study. As illustrated in Figure 5 - 12, those 
sites that had higher concentrations also had shorter mean HRTs, and vice versa. There 
are a few exceptions to this. The model predicted longer mean HRTs and higher free 
chlorine residuals at the VRPS, SYC, Pepper Ridge Road, Giovanni's Market, and LRFS 
sites compared to the field results. These over predictions of both the mean HRTs and 
free chlorine residuals are probably due to differences in hydranlic aspects "of the WDS 
between the model and the field. As mentioned previously, in general the model and 
field data do correlale with themselves (i.e., between water age and free chlorine 
residual). As observed in the field, the highest chlorine residual was at the SWTP and the 
lowest chlorine residual was al RR in the Laurel System. 
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5.2.3 Summer 2003 
The bulk water chlorine decay rate for modeling the summer 2002 event is -1.34/day (-
0.06/h). The summer 2003 bulk water chlorine decay rate is slightly lower than the 
sununer 2002 bulk water chlorine decay rate and much higher than the bulk water 
chlorine decay rate for the winter 2003 event. Table 5-3, predicted earlier, compares the 
model and field chlorine residual and mean HRT data for the sununer 2003 event. 
Appendix C contains the model predictions and field measurements of the free chlorine 
residuals for the sununer 2003 event. Figure 5-24 is a plot of the free chlorine in the 
distribution system versus the mean HRT for both field data (solid symbols) and model 
predictions (open symbols). The model results follow the decay rate as noted by the 
black curve. 
For most of the sites, the model chlorine residual results are greater than the field results; 
one such example is the Scofieldtown Road site, as shown in Figure 5-25. The 
exceptions are the SWTP, KBD, Canfield Road, and Weed Hill Avenue. This is, 
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Figure 5-25. Chlorine Residual- Field versus Model Summer 2003 
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1.2 
Af; illustrated in Figure 5-25, eight of the sites (SYC, Walter Lane, Colonial Road, 
Scofieldtown Road, Briar Brae Road, Giovanni's Market, Riverbank Road, and RR) had 
model predicted free chlorine residuals that were from 2.4% to 427% greater than·the 
chlorine residuals measured in the field. Two of the sites (KBD and Canfield Drive) had 
model predicted free chlorine residuals that were from 29.3% to 70% less than the 
chlorine residuals measured in the field. These differences in free chlorine residuals 
between the model and the field are in agreement with the results from the tracer study. 
At the Weed Hill Avenue site, the model predicted the same free chlorine residual as was 
measured in the field. On average, the. model calculated mean chlorine residuals were 
48.7% higher thaJ;l the mean chlorine residuals experienced in the field. 
Af; illustrated in Figure 5-19, those sites that had higher concentrations also had shorter 
mean HRTs, and vice versa. There are a few exceptions to this. The Weed Hill Aveiiue, 
SYC, and Colonial Road sites had longer mean HRTs and higher free chlorine residuals 
predicted by the model. These exceptions are probably due to differences between the 
model's predictions of network hydraulics compared to what was hydraulically occurring 
in the field. Generally, the model data sets aJ;ld the field data sets do correlate with 
themselves (i.e., between water age and free chlorine residual). Af;' observed in the field, 
the highest chlorine residual was at the SWTP. 
The lowest chlorine residual in the model (0.02 mg/L) was at Canfield Drive site in the 
320 Subsystem; this site had the second lowest field chlorine residual (0.05 mg/L). The 
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lowest chlorine residual in the field occurred at the Walter Lane site, also in the 320 
Subsystem. The model, however, did not predict as Iowa chlorine residual at the Walter 
Lane site. The Canfield Drive and Walter Lane sites were added in the summer 2003 
event. These sites are located in the northern area of the 320 Subsystem (Walter Lane is 
the closest site to the Roxbury Tank). The low chlorine residual are directly related to 
older water age. This is true for the Walter Lane site (in the field) and is evidence that 
older water being released from the storage tank has a great influence on the WQ. In the 
prior two events, sampling sites were located in the 320 Subsystem (Tum of River Fire 
Station and Pond Road), however, these sites were located in the southern area of the 320 
Subsystem, closer to the VRPS 12 ill feed line and the HPS. Therefore, they are more 
influenced by newer water compared to other sites in the 320 Subsystem. Based on the 
first two events, the data suggested that the locations with the lowest chlorine residuals 
are in the southwest area of the Laurel System (i.e. RR). Based on results of the summer 
2003 event, field and model results suggest that there are locations with low chlorine 
residuals in both the Laurel System and in the 320 Subsystem. 
5.2.4 Overall Discussion of Chlorine Residual 
The chlorine decay rate was set in the model equal to the first order decay rate 
determined by Kansas (2004) based on field and laboratory analyses. As a result, the 
overall chlorine decay in the model was similar to the chlorine decay in the field. The 
figures depicting the chlorine residuals for each event illustrate this. Although the overall 
decay rates were the same for the model and the field for each event, the chlorine 
residuals at specific sampling sites were not always similar. These differences are due to 
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the differing HRTs (between field and model) for these specific sampling , sites. If the 
model chlorine residuals differed from the field chlorine residuals, they were in 
agreement with the HRT for that site (which also was different). Those sites that had 
lower concentrations also had longer mean HRTs, and vice versa 
For the Laurel System model, lack of looping due to skeletonization may be the cause of 
differences in the chlorine residuals measured in the field and predicted by the model. 
This occurs because skeletonization can remove flow paths from what are actually looped 
networks and falsely increase flows in the system. 
5.3 Disinfection-By-Products and Selection ,of Stage U DBP Rule Monitoring 
Sites 
5.3.1 Field Results for Clz, TTBM, and BAA 
DBP formation and relationships were previously discussed by Kansas (2004). However, 
they are briefly summarized here since they are an important parameter under the 
S2DDBPR. As chlorine decays in the WDS, TTIIM increase with water age, as do HAA 
initially. TTIIM concentrations are the lowest at the SWTP eflluent and increase as HRT 
increases. The TTIIM concentrations also vary seasonally, with the highest TTIIM 
concentrations occurring during the summer months. The trends for TTHM are opposite 
of the trends for free chlorine residuals. (Kansas, 2004) 
HAA concentrations are the lowest at the SWIP eflluent and initially increase as HRT 
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increases. The HAA concentrations are lower than the TTIIM concentrations. Unlike 
TIHMs, when chlorine decays to low concentrations i.e., less than 0.20' mgIL, 
biodegradation of HAAs may occur and concentrations begin to decrease. At sites with 
the longest IIRT, the HAA concentrations are sometimes lower than the HAA 
concentration in the SWTP effluent. 
Figures 5-26 through 5-28 show the relationship between chlorine, TTIIM, and HAA 
concentrations for the summer 2002, winter 2003, and summer 2003 events, respectively. 
Results are normalized to the level in the SWTP c1earwell effluent. 
As illustrated in the top plots, chlorine decays as the HRT increases. Also, as illustrated 
in the middle plots, there is a direct correlation between TTIIM formation and chlorine 
decay. In the bottom .plots, the HAA formation increase as the HRT increases, however, 
once the chlorine concentration decreases, approximately below 0.2 mgIL, the HAA 
begins to decrease. In the winter 2003 event, the opposite trend occurred. Initially, HAA 
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Figure 5-28. Distribution System Results - Summer 2003 
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5.3.2 Predicting General DBP Concentrations TJ"ends B;U;ed on Model Results fOJ" 
Ch 
As illustrated in Figures 5-26 through 5-28, the laboratory analysis suggests there is a 
relationship between chlorine residual, TIHM concentrations, and HAA concentrations 
(Kansas, 2004). Based on the data, TIHM concentrations increase steadily as HRT 
increases. This is true for all three events. 
Based on the data, HAA concentrations initially increase as HRT increases. When the 
chlorine residual decreases to approximately 0.20 mgIL, HAA concentrations then 
decrease. This is true for both Summer events. The HAA concentrations also decreased 
to levels lower than were measured in the SWTP effluent. Again, this is probably due to 
microbial activity in the pipe network. 
For the winter 2003 event, the trend of increase in ifAA concentrations and then the 
eventual decrease in HAA concentrations did not occur, probably because the chlorine 
residuals did not decrease below 0.20 mgIL. The higher chlorine residuals for the winter 
2003 event compared to the summer events are due to several factors. There is a much 
lower decay rate in the winter months due to colder water temperatures. The chlorine 
residuals in the Stamford WDS will most likely not reach levels as low as 0.20 mgIL, 
therefore, the HAA concentrations in the winter only increase. As a result, the sites with 
the longest mean HRTs will be the sites with the highest HAA concentrations for the 
winter months. 
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5.3.3 Stage n DBP Rule Monitoring Sites 
One of the objectives of this project was to identify locations for monitoring sites based 
on the requirements of the proposed Stage II DBP rule. According to the new rule, these 
monitoring sites have to be representative of locations with highest DBPs in the WDS. 
The first step in selecting these sites is to perform an IDSE. For a system serving more 
than 10,000 people, the IDSE requires eight sites per treatment plant; three with the 
highest TTHMs, two with the highest HAAs, two with the WDSs average HRT, and one 
monitoring site at the entry point (i.e. the clearwell). After these eight sites have been 
monitored for 12 months, four will be selected as the Stage II DBP monitoring locations 
(US EPA, 2003). When calculating the WDS average HRTs, Kansas (2004) considered 
the Stamford and Laurel Systems as two separate systems. The model predictions of 
mean HRT and chlorine residual support the selection of the potential IDSE monitoring 
sites determined by Kansas (2004). Table 5-4 lists these potential IDSE monitoring sites 
and the requirement each sites satisfies. 
Table 5-4. Potential IDSE Monitoring Sites Based on Model Results 
Site/Area 
SWIP Clearwell Effluent 
Between HycliffPS and Pond Road 





Walter Lane/Canfield Drive 
South of Stamford Yacht Club· 
IDSE Monitoriiu! Requirement Satisfied 
Distribution System Entrv Point 
·WDSsAverageHRT 






Further analysis of four sites need to be performed prior to determining the two IDSE 
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monitoring sites with the highest HAA levels. As evident from the winter 2003 event, 
HAA levels at two additional IDSE monitoring sites should be analyzed. The RR and 
Walter Lane/Canfield Drive sites had the highest HAA levels in the winter 2003 event. 
The S2DDBPR allows for the two sites with the highest annnal average HAA levels to be 
used as the IDSE monitoring sites with the highest HAA. Since there is no historical data 
for the Ridgecrest, Walter Lane/Canfield, Giovanni's Market, or Colonial Drive sites, 
further monitoring of these sites should be performed to determine which two sites have 
. the highest annual average HAA levels. In the meantime, the A WC should use the 
Colonial Road and Giovanni's Market sites as the two high HAA sampling sites, as 
previously recommended by Kansas (2004). 
106 
CHAPTER 6: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
This chapter includes a S\IlDJllary of the modeling work and the conclusions based on that 
work. There is also a discussion of recommendations for future work. 
6.1 SUlDDmary 
The University of Massachusetts at Amherst has been performing several research studies 
for the A WC. One of the WDS under study is the Stamford, Connecticut WDS, a system 
that serves approximately 120,000 users. 
Due to the new requirements that fall under the proposed S2DDBPR. an IDSE has to be 
performed on the Stamford WDS to determine possible monitoring sites for compliance 
with the future S2DDBPR. Over the period between July 2002 and August 2003, three 
field studies (snnnner 2002, winter 2003, and S\IlDJller 2003) were conducted on the 
Stamford WDS to provide an understanding of water age and the WQ of the Stamford 
WDS. Sampling of the WDS also allowed for a better understanding of the temporal and 
spatial variations in the DBP concentrations in the WDS. 
The field data results, along with operational data supplied to the University of 
Massachusetts at Amherst, allowed for the creation of a model for water age and chlorine 
residual. Water demands in the field were calculated based on the operational data and 
the water demands in the model were set equal to the field measured water demands. 
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Tracer and chlorine residual studies were conducted, and predictions from the model 
were compared to field data. 
The field data results, along with operational data supplied to the University of 
Massachusetts at Amherst, allowed for the creation of a model for water age and chlorine 
residual. Water demands were calculated based on the operational data received by the 
University of Massachusetts at Amherst by the Awe. Diurnal demand patterns were 
calculated for each of the five different HGL subsystems in the Stamford WDS. Due to 
complications and lack of data in regards to flows between some subsystems, diurnal 
demand patterns could be calculated for only the Laurel Subsystem, the 320 Subsystem, 
and the Stamford System (excluding the Laurel and 320 Subsystems). The Laurel and 
320 Subsystems are mostly composed of residential users, while the Stamford System is 
both residential" commercial, and industrial. The water demands in the model were set 
equal to the field measured water demands. 
Fluoride tracer studies were conducted during the three field events. Fluoride was chosen 
as the tracer due to its conservative nature. A fluoride step up occurred a week before the 
start of each event to approximately 1.50 mgIL (1.25 mgIL.in the summer 2003 event), 
the fluoride concentration was then decreased the morning of each event to 
approximately 0.5 mg/L (0.47 mg/L in the summer 2003 event). The step down was 
modeled by setting the fluoride concentration step down in the SWTP clearwell based on 
the field data collected from the SWTP clearwell effluent. Based on the tracer studies, 
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mean HRTs were determined using the F curve method. Model predictions of the mean 
HRTs were compared to calculated mean HRTs based on field measurements. 
Chlorine residuals were measured during the three field events. The chlorine residual in 
the effluent leaving the SWTP was approximately 1.13 mgIL for all three events. Model 
predictions of the chlorine residual were compared to chlorine residuals measured in the 
field. 
A relation between DBP formation and free chlorine residuals was established. This 
relationship allowed for the use of model predictions of free chlorine residuals to 
qualitatively predict relative DBP concentrations in the Stamford WDS. The 
recommendations for the IDSE monitoring sites by Kansas (2004) are supported by 
inferences from the model predictions of chlorine residual. 
6.2 Conclusions 
6.2.1 Water Demands 
Model demand allocations must be similar to field demands to enable accurate modeling. 
Subsystem demands and tank: levels experienced in the field can be predicted by the 
model, however, demand allocations may be different, resulting in different mean HRTs 
and average chlorine residual predictions at specific locations in the model compared to 
the field. 
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6.2.2 Tracer Studies 
Based on the tracer studies, mean HRTs were determined using the F curve method. 
Table 6-1 compares the mean HRTs for sampling sites based on field measurements and 
model predictions. Referring back to Tables 5-1 through 5-4 in Chapter 5, with few 
exceptions, the model predicted similar mean HRTs to the mean HRTs determined in the 
field. On average, the model over predicted the mean HRT at locations in the WDS by 
33% in the summer 2002 event, by 11% in the winter 2003 event, and by 15% in the 
sUmmer 2003 event. The summer 2003 event had the widest range of prediction errors (-
33% to +120%), however, the summer 2002 event had the highest average prediction 
error. The winter 2003 event had the lowest average prediction error and the smallest 
range of prediction errors (-58% to +54%). The model closely predicted the mean HRT 
at the LRFS site for both the summer 2002 event and the winter 2003 event. The model 
over predicted the mean HRT at the LRFS site by 8.9% in the summer 2002 event and by 
2.2% m the winter 2003 event. For the summer 2002 event and the winter 2003 event, 
the model tended to predict much longer mean HRTs compared to the field results for the 
Pepper Ridge Road site and the VRPS site. The mean HRT for Pepper Ridge Road site 
was over predicted by approximately 50% on average. For all three events, the model 
tended to predict longer mean HRTs for the KBD site compared to the field results. 
Overall, the model beSt predicted results for the winter 2003 event. 
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Table 6-1. Comparison ofField and Model Mean Hydraulic Residence Times 
Summer 2002 Event Winter 2003 Event Summer 2003 Event 
Field Madel Field Model Field Model 
Sample Site Mean Mean Mean Mean Mean Mean 
HRTs HRTs HRTs HRTs HRTs HRTs 
(hours) (hours) (hours) (hours) (hours) (hours) 
SWTP- 1.7 1.7 1.8 2.0 1.5 1.5 Eftluent 
VmeRoad 2.0 3.5 3.3 4.0 nla nla PS 
Pepper 4.8 7.3 7.9 12 nla nla Rid~eRoad 
HycliffPS 5.3 6.8 20 8.4 nla nla 
Stamford 6.8 10 nla nla nla nla WWTP 
Kitchens by 6.9 11 11 16 9.8 15 Deane 
Tum of 14 8.6 6.7 7.9 nla nla RiverFS#2 
Pond Road 14 26 nla nla nla nla 
Stamford 14 18 27 28 13 28 Yacht Club 
Giovanni's 18 22 44 53 25 19 Market 
Long Ridge 32 35 86 88 nla nla FS#2 
Ridgecrest 46 59 158 150 46 48 Rd 
Weed Hill 
nla nla n/a n/a 2.7 3.2 
I Avenue 
Scofieldtown , 
Road n/a nla nla nla 5.5 3.7 I 
Briar Brae 
nla nla nla n/a 9.1 6.8 Road 
Colonial 
nla nla nla n/a 15 19 Road 
Riverbank 
nla n/a nla nla 41 '42 I Road I 
Canfield 
n/a n/a n/a n/a 50 56 
I 
Drive I 
Walter Lane nla n/a n/a nla 66 nlc* 
• *Mean HRT at Waiter Lane is unable to be calculated 
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6.2.3 Chlorine Residual Studies 
Table 6-2 compares the chlorine residuals for the sampling sites in the field with the 
chlorine residuals for those same sampling sites in the model. Approximately only one 
third of the model calculated,average chlorine residuals are less than the average chlorine 
residuals measured ,in the field. Referring back to Tables 5-1 through 5-4 in Chapter 5, 
the model predicted chlorine residual with,lower prediction errors compared to the range 
of prediction errors associated with the modei's prediction of mean HRT. On average, 
the model over predicted the chlorine residual at locations in the WDS by 9.8% in the 
summer 2002 event, by 15% in the winter 2003 event, and by 49"10 in the summer 2003 
event. The summer 2003 event had the widest range of prediction errorS (-60% to 
+450%) as well as the highest average prediction error. The winter 2003 event had the· 
smallest range of prediction errors (-10% to +40%), however, the summer 2002 event had 
the lowest average prediction error. For both the summer 2002 and winter 2003 events, 
the model predicted the chlorine residual at the Pepper Ridge Road site with the same 
prediction error (-+17%). With the exception of the summer 2003 event, the model 
slightly lIDder predicted the chlorine residual at the KBD site by approximately 15%. 
Proper modeling ,-of the chlorine residuals is important since predictions of DBP 
concentrations can be made based on known relations between free chlorine residuals and 
the formation of TTIIM and HAA. Overall, the model best predicted results for the 
winter 2003 event. 
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Table 6-2. Comparison of Field and Model Average Chlorine Residual 
Concentrations 
Summer 2002 Event Winter 2003 Event Summer 2003 Event 
Field Model Field Model Field Model 
Sample Site Chlorine Chlorine Chlorine Chlorine Chlorine Chlorine 
Residual Residual Residual Residual Residual Residual 
(mgIL) (m!!/L) (mg/L) (mg/L) (mgIL) (mg/L) 
SWTP- 1.14 1.14 1.13 1.13 1.13 1.13 Effiuent 
Vine Road 1.03 0.99 0.88 1.09 nla nla PS 
Pepper 0.66 0.77 0.85 0.99 nla nla Ridge Road 
HycliffPS 0.84 0.99 0.72 1.01 nla nla 
Staniford 0.65 0.58 nla nla nla nla WWTP 
Kitchens by 0.64 0.51 0.91 0.81 0.57 0040 Deane 
Tum of 0.50 0.69 0.88 0.82 nla nla RiverFS#2 
Pond Road 0.46 0.26 nla nla nla nla 
Stamford 0.16 0.36 0.60 0.78 0.18 020 Yacht Club 
Giovanni's 0.20 0.33 0.67 0.70 028 0.42 Market 
Long Ridge 0.17 0.16 0.39 0.54 nla nla FS#2 
Ridgecrest 0.G7 0.03 026 0.30 0.06 0.07 Rd 
WcedHill 
nla nla nla nla 0.84 ·0.84 Avenue 
Scofieldtown nla nla nla nla 0.58 0.94 Road 
Briar Brae nla nla nla nla 0.55 0.77 Road 
Colonial 
nla nla nla nla 0.35 . 0.36 Road 
Riverbank 
nla nla nla nla 0.09 0.16 Road 
Canfield 
nla nla nla nla ·0.05 0.02 Drive 
Walter Lane nla nla nli! nla 0.02 0.11 
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6.2.4 Disinfection By-Products 
The formation of DBPs, such as TTHM and BAA, are directly related to water age and 
the free chlorine residual in a WDS. The model predictions of the chlorine residual and 
water age, and inferring qualitative DBP levels from the model predictions of chlorine 
residuals, can lead to good choices of monitoring sites. 
6.3 Recommendations for Future Work 
Further work should be done towards creating a computer model of the Stamford WDS 
that can predict DBP concentrations (i.e. TTHM and HAA) in the WDS based upon 
specified operational parameters. The result could be more reliable and accurate model 
predictions of DBP concentrations, instead of less reliable estimations of relative DBP 
concentrations based upon the model predictions of chlorine residuals. 
As mentioned in Chapter 5, further analysis of four sites need to be performed prior to 
determining the two IDSE monitoring sites with the highest HAA levels. The RR and 
Walter Lane/Canfield Drive sites had the highest HAA levels in the winter event, while 
the Colonial Road and Giovanni's Market sites had the highest HAA levels in the 
summer events. The S2DDBPR allows for the two sites with the highest annual average 
HAA levels to be used as the IDSE monitoring sites with the highest BAA, therefore, 
, 
further monitoring of these sites should be performed to determine which two sites have 
the highest annual average HAA levels. 
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STAMFORD WTP - CLEARWELL EFFLUENT 
Field Model 
ELAPSED MEAN ELAPSED MEAN <l.TIME F (1- MEAN RES. TIME DATE TIME F· RES. CI F RES. CI (hr) VALUE FVALUE)*<l.TIME (hr) TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
7/29/2002 10:40 ·M8 1.25 1.70 1.14 0.00 1.25 1.72 1.14 0.00 0.00 0.00 1.72 
7/29/2002 10:50 0.08 1.25 0.25 1.25 0.25 0.00 0.25 
7/29/2002 11:00 0.25 1.25 0.50 1.23 0.25 0.03 0.24 
7/29/2002 11:10 0.42 1.25 0.75 0.99 0.25 0.35 0.16 
7/29/2002 11:20 0.58 1.04 1.00 0.83 0.25 0.56 0.11 
7/29/2002 11:30 0.75 0.85 1.25 0.81 0.25 0.59 0.10 
7/29/2002 11:50 1.08 0.91 1.50 0.79 0.25 0.61 0.10 
7/29/2002 12:00 1.25 0.79 1.75 0.76 025 0.65 0.09 
7/29/2002 12:15 1.50 0.79 2.00 0.72 0.25 0.71 0.07 
7/29/2002 12:35 1.83 0.72 2.25 0.70 0.25 0.73 0.07 
7/29/2002 12:45 2.00 0.72 2.50 0.68 0.25 0.76 0.06 
7/29/2002 13:00 2.25 . 0.68 2.75 0.66 0.25 0.79 0.05 
7/29/2002 13:30 2.75 0.66 3.00 0.66 0.25 0.79 0.05 
7/29/2002 14:00 3.25 0.65 3.25 0.65 0.25 0.80 0.05 
7/29/2002 14:30 3.75 0.62 3.50 0.64 0.25 0.81 0.05 
7/29/2002 15:00 4.25 0.56 3.75 0.63 0.25 0.83 0.04 
7/29/2002 15:50 5.08 0.55 4.00 0.61 0.25 0.85 0,04 
7/29/2002 17:00 6.25 0.53 4.25 0.58 0.25 0.89 0.03 
7/29/2002 18:10 7.42 0.58 4.50 0.56 0.25 0.92 . 0.02 
7/29/2002 18:25 7.67 0.50 4.75 0.56 0.25 0.92 0.02 
7/29/2002 19:10 8.42 0.50 5.00 0.55 0.25 0.93 0,02 
7/29/2002 21:05 10.33 0.50 5.50 0.55 0.50 0.93 0.03 
7130/2002 9:25 22.67 0.50 5.75 0.54 0.25 0.95 O.oJ 
7130/2002 9:35 22.83 0.50 6.00 0.54 0.25 0.95 O.oJ 
7130/2002 15:00 28.25 0.50 6.25 0.53 0.25 0.96 O.oJ 
6.50 0.53 0.25 0.96 0.01 
6.75 0.52 0.25 0.97 0.01 
7.00 0.52 0.25 0.97 O.oJ 
725 0.51 0.25 0.99 0.00 
7.50 0.51 0.25 0.99 0.00 
STAMFORD WTP • CLEARWELL EFFLUENT (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIIIIE F (1. MEAN RES. TIME DATE TIME F RES. CI F RES. CI (br) VALUE FVALUE)*ATIllIE (br) TIME TIME 
(hours) (mgIL) TIME (mgIL) (bours) (mgIL) TIllIE (mgIL) (br) (hr) 
7.75 0.50 0.25 1.00 0.00 
85.75 0.50 78.00 1.00 0.00 
VINEROADPS 
Field Model 
ELAPSED MEAN ELAPSED l\IEAN ATIllIE F (1· MEAN RES. TIME DATE TIllIE F RES. CI F RES. CI TIME TIME (br) VALUE FVALUE)*i\T1ME (br) 
(bours) (mgIL) TIllIE (mgIL) (bours) (mgIL) . TIME (mgIL) (br) (hr) 
712912002 11:45 1.00 1.24 2.00 1.03 0.00 1.25 3.54 0.99 0.00 0.00 0.00 3.54 
712912002 12:55 2.17 0.89 2.00 1.25 2.00 0.00 2.00 
712912002 13:35 2.83 0.74 2.25 1.03 0.25 0.30 0.17 
712912002 14:15 3.50 0.63 2.50 0.88 0.25 0.51 0.12 
712912002 15:05 4.33 0.54 2.75 0.86 0.25 0.53 0.12 
712912002 15:46 5.02 0.51 3.00 0.84 0.25 0.56 0.11 
712912002 17:00 6.25 0.48 3:25 0.81 0.25 0.60 0.10 . 
712912002 18:40 7.92 0.48 3.50 0.78 0.25 0.64 0.09 
712912002 19:35 8.83 0.47 3.75 0.76 0.25 0.67 0.08 
712912002 20:35 9.83 0.47 4.00 0.75 0.25 0.68 0.08 
4.25 0.72 0.25 0.73 0.D7 
4.50 0.72 0.25 0.73 0.01 
4.75 0.10 0.25 0.75 0.06 
5.00 0.69 0.25 0.71 0.06 
5.25 0.67 0.25 0.79 0.05 
5.50 0.66 0.25 0.81 0.05 
5.75 0.63 0.25 0.85 . 0.04 
6.00 0.61 0.25 0.88 0'.03 
6.75 0.61 0.75 0.88 0.09 
7.00 0.59· 0.25 0.90 0.02 
7.50 0.59 0.50 0.90 0.05 
STAMFORD YACHT CLUB (CONl'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (l-F MEAN RES. TIME DATE TIME F Rl'S. CI TIME F RES. CI (hr) VALUE VALUE)'ATIME (br) TIME 
(bours) (mgIL) TIME (mgIL) (bour.) (mg/L) TIME (mg/L) (br) (br) 
22.50 0.74 0.25 0.89 0.03 
22.75 0.73 0.25 0.91 0.02 
23.00 0.72 0.25 0.93 0.02 
23.50 0.72 0.50 0.93 0.04 
23.75 0.71 0.25 0.95 0.01 
24.00 0.70 0.25 0.96 0.01 
24.50 0.70 0.50 0.96 O.oz 
24.75 0.69 0.25 0.98 0.00 
27.00 0.69 2.25 0.98 0.04 
27.25 0.68 0.25 1.00 0.00 
85.25 0.68 58.00 1.00 0.00 
KITCHENS BY DEANE 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F fl- MEAN RES. TIME DATE TIME' F RES. ' CI F RES. CI TIME TIME (hr) , VALUE FVALUE)*ATIME (br) 
(bour.) (mg/L) TIME (mg/L) (bour.) (mgIL) TIME (mg/L) (hr) (hr) 
712912002 18:20 7.58 0.81 6.90 0.64 0.00 1.25 23.26 0.51 0.00 0.00 0.00 23.26 
712912002 19:35 8.83 0.74 9,75 1.25 9.75 0.00 9.75 
712912002 20:20 9.58 0.70 10.00 1.23 0.25 0.03 0.24 
712912002 21:25 10.67 0.64 10.25 1.18 0.25 0.11 0.22 
712912002 22:35 11.83 0.64 10.50 1.07 0.25 0.29 0.18 
712912002 23:40 12.92 0.60 10.75 0.95 0.25 0.48 0.13 
7/3012002 1:10 14.42 0.59 11.00 0.80 0.25 0.73 0.07 
713012002 2:00 15.25 0.57 11.25 0.78 0.25 0.76 0.06 
713012002 3:20 16.58 0.58 11.75 0.78 0.50 0.76 0.12 
713012002 4:00 17.25 0.57 12.00 0.75 0.25 0.81 0.05 
713012002 4:50 18.08 0.56 12.25 0.75 0.25 0.81 0.05 
713012002 10:05 23.33 0.57 12.50 0.72 0.25 0.85 0,04 
KITCHENS BY DEANE (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN lITiME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (hr) VALUE FV ALUE)'ATIME (hr) TIME TIME 
(hours) . (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (hr) (hr) 
713012002 13:45 27.00 '0.55 12.75 0.71 0.25 0.87 0.03 
713012002 14:45 28.00 0.53 13.~0 0.71 0.25 0.87 0.03 
13.25 0.70 0.25 0.89 0.03 
13.50 0.70 0.25 0.89 0.03 
13.75 0.72 0.25 0.85 0.04 
14.50 0.72 0.75 0.85 0.11 
14.75 0.70 0.25 0.89 0.03 
15.50 0.70 0.75 0.89 0.08 
15.75 0.69 0.25 0.90 0.02 
16.00 0.69 0.25 0.90 0.Q2 
16.25 0.68 0.25 0.92 0.02 
16.50 0.68 0.25 0.92 0.02 
16.75 0.66 0.25 0.95 O.oI 
18.25 0.66 1.50 0.95 0.Q7 
18.50 0.65 0.25 0.97 0.01 
18.75 0:64 0.25 0.98 0.00 
19.50 0.64 0.75 0.98 0.01 
19.75 1.11 0.25 0.23 0.19 
20.00 1.12 0.25 0.21 0.20 
23.50 1.12 3.50. 0.21 2.77 
23.15 1.08 0.25 0.27 0.18 
24.25 1.08 0.50 0.27 0.36 
24.50 1.09 0.25 0.26 0.19 
24.75 1.11 0.25 0.23 0.19 
25.00 1.10 0.25 0.24 0.19 
25.25 1.05 0.25 0.32 0.17 
25.50 0.97 0.25 0.45 0.14 
25.75 0.89 0.25 0.58 0.10 
26.00 0.84 0.25 0.66 0.08 
26.25 0.82 025 0.69 0.08 
KITCHENS BY DEANE (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN t.TIME F (1- MEAN RES. TIllIE PATE TIllIE F RES. CI F RES. CI (hr) VALUE FV ALUE)*t.TIlIIE (hr) TIME (mgIL) TIllIE (mgIL) TIllIE (mgIL) TIllIE (mgIL) (bours) (br) (hours) (hr) 
26.50 0.81 0.25 0.71 0,07 
26.75 0.80 0.25 0.73 0,07 
27.00 0.80 0.25 0.73 .0,07 
27.25 0.78 0.25 0.76 0.06 
27.75 0.78 0.50 0.76 0.12 
28.00 0.73 0.25 0.84 0.04 
28.25 0.65 0.25 0.97 0.01 
28.50 0.64 0.25 0.98 0.00 
30.50 0.64 2.00 0.98 0.03 
30.75 0.83 0.25 0.68 0.08 
31.00 0.85 0.25 0.65 0.09 
31.25 0.89 0.25 0.58 0.10 
31.50 0.93 0.25· 0.52 0.12 
31.75 0.96 0.25 0.47 0.13 
32.00 0.98 0.25 0.44 0.14 
32.25 0.98 0.25 0.44 0.14 
32.50 1.00 0.25 0.40 0.15 
33.00 1.00 0.50 0.40 0.30 
33.25 0.98 0.25 0.44 0.14 
33.50 0.96 0.25 0.47 0.13 
33.75 0.92 0.25 0.53 0.12 
34.00 0.84 0.25 0.66 0.08 
34.25 0.71 0.25 0.87 0.03 
34.50 0.64 0.25 0.98 0.00 
43.75 0.64 9.25 0.98 0.15 
44.00 0.89 0.25 0.58 0.10 
44.25 0.95 0.25 0.48 0.13 
46.00 0.95 1.75 0.48 0.90 
46.25 0.93 0.25 0.52 0.12 
46.50 0.90 0.25 0.56 0.11 
KITCHENS BY DEANE (CONI' D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (br) VALUE FV ALUE)*ATIME (hr)" TIME TIME 
(hours) (mgIL) TIME (mgIL) (bour.) (mgIL) TIME (mgIL) (hr) (br) 
46.75 0.88 0.25 0.60 0.10 
47.00 0.85 0.25 0.65 0.09 
47.25 0.81 0.25 0.71 0,07 
47.50 0.77 0.25 0.77 0.06 
47.75 0.72 0.25 0.85 0.04 
48.00 0.71 0.25 0.87 0.03 
48.25 0.71 0.25 0.87 0.03 
48.50 0.72 0.25 0.85 0.04 
48.75 0.74 0.25 0.82 0.04 
49.75 0.74 1.00 0.82 0.18 
50.00 0.73 0.25 0.84 0.04 
50.25 0.69 0.25 0.90 0.02 
50.50 0.65 0.25 0.97 0,01 
50.75 0.63 0.25 1.00 0.00 
55.25 0.63 4.50 1.00 0.00 
55.50 0.76 0.25 0.79 0.05 
55.75 0.79 0.25 0.74 0.06 
56.00 0.81 0.25 0.71 0,07 
56.25 0.83 0.25 0.68 0.08 
56.50 0.86 0.25 0.63 0.09 
56.75 0.88 0.25 0.60 0.10 
57.00 0.88 0.25 0.60 0.10 
57.25 0.85 0.25 0.65 0.09 
57.50 0.81 0.25 0.71 0,07 
57.75 0.78 0.25 0.76 0.06 
58.00 0.71 0.25 0.87 0.03 
58.25 0.63 0.25 1.00 0.00 
67.75 0.63 9.50 1.00 0.00 
68.00 0.76 0.25 0.79 0.05 
68.25 0.79 0.25 0.74 0.06 
KITCHENS BY DEANE (CONT'D) 
Flelq Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME 
TIME F. RES. CI TIME F RES. CI (br) VALUE FV ALUE)'ATIME (br) 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (br) (hr) 
70.00 0.79 1.75 0.74 0.45 
70.25 0.78 0.25 0.76 0.06 
70.50 0.77 0.25 0.77 0.06 
70.75 0.76 0.25 0.79 0.05 
71.00 0.75 0.25 0.81 0.05 
71.25 0.74 0.25 0.82 0.04 
71.50 0.72 0.25 0.85 0.04 
71.75 0.71 0.25 0.87 0.03 
73.50 0.71 1.75 0.87 0.23 
73.75 fJ.70 0.25 0.89 0.03 
74.00 0.67 0.25 0.94 0.02 
74.25 0.66 0.25 0:95 0.01 
74.50 0.64 0.25 0.98 0.00 
79.50 0.64 5.00 0.98 0.08 
79.75 0.67 0.25 0.94 0.02 
80.00 0.70 0.25 0.89 0.Q3 
80.25 0.72 0.25 0.85 0.04 
80.50 0.73 0.25 0.84 0.04 
80.15 0.75 0.25 0.81 0.05 
81.00 0.75 0.25 0.81 0.05 
81.25 0.73 0.25 0.84 0.04 
81.50 . 0.72 0.25 0.85 0.04 
81.75 0.70 0.25 0.89 0.03 
82.00 0.67 0.25 0.94 0.02 
82.25 0.63 0.25 1.00 0.00 
85.25 0.63 3.00 1.00 0.00 
STAMFORD WWTP 
Field Model 
ELAPSED MEAN ELAPSED MEAN dTlME F· (1- MEAN RES. TIME DATE TIME F RES. C\ F RES. Cl (br) VALUE FVALUE)*dTIME (br) TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
712912002 16:51 6.10 1.00 6.80 0.65 0.00 1.25 11.55 0.58 0.00 0.00 0.00 11.55 
712912002 18:00 7.25 0.88 6.25 1.25 6.25 0.00 6.25 
712912002 20:00 9.25 0.69 6.50 1.24 0.25 0.02 0.25 
712912002 22:10 11.42 0.61 6.75 1.23 0.25 0.03 0.24 
712912002 23:20 12.58 0.60 7.00 1.20 0.25 0.08 0.23 
713012002 0:30 13.75 0.56 7.25 1.18 0.25 0.12 0.22 
713012002 1:30 14.75 0.59 7.50 1.17 0.25 0.13 0.22 
713012002 2:15 15.50 0.54 7.75 1.14 0.25 0.18 0.20 
713012002 4:20 17.58 0.52 8.00 1.11 0.25 0.23 0.19 
713012002 5:10 18.42 0.52 8.25 1.08 0.25 0.28 0.18 
713012002 6:15 19.50 0.52 8.50 1.05 0.25 0.33 . 0.17 
713012002 7:15 20.50 0.51 8.75 1.02 0.25 0.38 0.15 
713012002 9:50 23.08 0.50 9.00 1.01 0.25 0.40 0.15 
713012002 10:20 23.58 0.49 9.25 0.98 0.25 0.45 0.14 
713012002 12:45 26.00 0.47 9.50 0.96 0.25 0.48 0.13 
9.75 0.94 025 0.52 0.12 
10.00 0.93 0.25 0.53 0.12 
10.25 0.91 0.25 0.57 0.11 
10.50 0.88 0.25 0.62 0.10 
10.75 0.86 0.25 0.65 0.09 
11.00 0.85 0.25 0.67 0.08 
11.25 0.82 0.25 0.72 0,07 
11.50 0.83 0.25 0.70 0.08 
IJ.75 0.83 0.25 0.70 0.08 
12.00 0.80 0.25 0.75 0.06 
12.25 0.78 0.25 0.78 0.05 
12.50 0.79 0.25 0.77 0.06 
12.75 0.78 0.25 0.78 0.05 
14.25 0.78 1.50 0.78 0.33 
14.50 0.77 0.25 0.80 0.05 
VINE ROAD PS (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI TIME .TIME (br) VALUE FVALUE)'''TIME (br) 
(bours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (br) (br) 
7.75 0.57 0.25 0.93 0.02 
8.00 0.57 0.25 0.93 0.Q2 
8.25 0.56 0.25 0.95 0.01 
8.50 0.56 0.25 0.95 0.01 
8.75 0.54 0.25 0.97 0.01 
9.00 0.54 0.25 0.97 0.01 
9.25 0.52 0.25 1.00 0.00 
85.25 0.52 76.00 1.00 0.00 
STAMFORD YACHT CLUB 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (I-F . MEAN RES. TIME DATE TIME 
TIME F RES. CI TIME F RES. el (br) VALUE VALUE)' "TIME (hr) 
(hours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (hr) (hr) 
112912002 17:40 6.92 1.22 14.40 .0.16 0.00 1.25 18.11 0.36 0.00 0.00 0.00 18.11 
712912002 19:10 8.42 1.24 11.25 1.25 11.25 0.00 11.25 
712912002 21:10 10.42 1.08 11.50 1.24 0.25 0.02 0.25 
712912002 23:05 12.33 0.90 11.75 1.24 0.25 0.02 0.25 
713012002 0:55 14.17 0.86 12.00 1.23 0.25 0.04 0.24 
7130/2002 1:45 15.00 0.87 12.25 1.23 0.25 0.04 0.24 
713012002 3:07 16.37 0.81 12.50 1.21 0.25 0.07 0.23 
713012002 4:35 17.83 0.73 12.75 1.20 0.25 0.09 0.23 
713012002 5:45 19.00 0.73 13.25 1.20 0.50 0.09 0.46 
713012002 6:40 19.92 0.69 13.50 1.19 0.25 0.11 0.22 
713012002 9:30 22.75 0.66 13.75 1.19 0.25 0.11 0.22 
713012002 10:35 23.83 0.61 14.00 1.18 0.25 0.12 0.22 
713012002 13:20 26.58 0.57 14.25 1.17 0.25 0.14 0.21 
713012002 14:30 27.75 0.61 14.50 1.15 0.25 0.18 0.21 
14.75 US 0.25 0.18 0.21 
stAMFORD YACHT CLUB (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (l-F MEAN RES. TIME DATE TThlE F RES. CI F RES. CI (hr) VALUE VALUE)·"TIME (hr) TIME TIME 
(hours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (hr) (hr) 
15.00 . 1.14 0.25 0.19 0.20 
15.25 1.13 0.25 0.21 0.20 
15.50 1.12 0.25 0.23 0.19 
15.75 1.11 0.25 0.25 0.19 
16.00 1.10 0.25 0.26 0.18 
16.25 1.10 0.25 0.26 0.18 
16.50 1.09 0.25 0.28 0.18 
16.75 1.07 0.25 0.32 0.17 
17.00 1.06 0.25 0.33 0.17 
17.25 1.03 0.25 0.39 0.15 
17.50 1.02 0.25 0.40 0.15 
17.75 1.00 0.25 0.44 0.14 
18.00 0.97 0.25 0.49 0.13 
18.25 .Q.96 0.25 0.51 0.12 
18.50 0.95 0.25 0.53 0.12 
18.75 0.94 0.25 0.54 0.11 
19.00 0.91 0.25 0.60 0.10 
19.25 0.90 0.25 0.61 0.10 
19.50 0.89 0.25 0.63 0.09 
19.75 0.89 0.25 0.63 0.09 
20.00 0.87 0.25 0.67 0.08 
20.25 0.8~ 0.25 0.72 0,07 
20.50 0.83 0.25 0.74 0,07 
20.75 0.81 0.25 0.77 0.06 
21.00 0.80 0.25 . 0.79 0.05 
21.25 0.78 0.25 0.82 0.04 
21.50 0.78 0.25 0.82 0.04 
21.75 0.77 0.25 0.84 0.04 
22.00 0.75 0.25 0.88 0.03 
22.25 0.74 0.25 0.89 0.03 
STAMFORD WWfI' (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ,\,TIME F (1· MEAN RES. TIME DATE TIME F RES. CI F RES. CI (hr) VALUE FVALUE)<'\'TIME (hr) TIME TIME 
(hours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mg/L) (hr) (hr) 
14.75 0.76 0.25 0.82 0.05 
15.00 0.76 0.25 0.82 0.05 
15.25 0.75 0.25 0.83 0.04 
15.50 0.74 0.25 0.85 0.04 
15.75 0.73 0.25 0.87 0.03 
16.00 0.72 0.25 0.88 0.03 
16.50 0.72 0.50 0.88 0.06 
16.75 0.71 0.25 0.90 0.03 
17.00 0.71 0.25 0.90 0.03 
17.25 0.69 0.25 0.93 0.02 
17.75 0.69 0.50 0.93 0.03 
18.00 0.68 0.25 0.95 O.oI 
18.25 0.67 0.25 0.97 0.01 
18.50 0.67 0.25 0.97 0.01 
. 18.75 0.66 0.25 0.98 0.00 
, 67.00 0.66 48.25 0.98 0.80 
67.25 0.65 0.25 1.00 0.00 
73.00 0.65 5.75 1.00 0.00 
73.25 0.66 0.25 0.98 0.00 
78.75 0.66 5.50 0.98 0.09 
79.00 0.65 0.25 1.00 0.00 
81.25 0.65 2.25 1.00 0.00 
81.S0 0.66 0.25 0.98 0.00 
85.25 0.66 3.75 0.98 0.06 
HYCLIFFPS 
Field Model (Inlet) 
ELAPSED MEAN ELAPSED MEAN LlTlME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (hr) VALUE FVALUE)*LlTIME (hr) TIME TIME 
(hours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (hr) (hr) 
712912002 12:05 1.33 1.25 5.30 0.84 0.00 1.25 6.82 0.99 0.00 0.00 0.00 6.82 
712912002 13:03 2.30 1.26 4.75 1,25 4.75 O.OU 4.75 
712912002 14:00 3.25 1.23 5.00 1,20 0.25 0.08 0.23 
712912002 15:02 4.28 1,25 5.25 1,09 0.25. 0.25 0.19 
712912002 16:45 6.00 0.74 5.50 1,03 0.25 0.34 0.16 
712912002 17:15 6.50 0.68 5.75 0.99 0.25 0.41 0.15 
712912002 18:15 7.50 0.61 6.00 0.96 0.25 0.45 0.14 
712912002 19:15 8.50 0.58 6.25 0.93 0.25 0.50 0.13 
712912002 20:25 9.67 0.54 6.50 0.89 0.25 0.56 0.11 
712912002 21:15 10.50 0.54 6.75 0.87 0.25 0.59 0.10 
712912002 22:25 11.67 0.52 7.00 0.85 0.25 0.63 0.09 
712912002 23:15 12.50 0.50 7.25 0.85 0.25 0.63 0.09 
713012002 0:49 14,07 0.52' 7.50 0.83 0.25 0.66 0.09 
7/3012002 1:33 14.80 0.50 7.75 0.79 0.25 0.72 0,07 
713012002 3:04 16.32 0.50 8.00 0.78 0.25 ();73 0,07 . 
7/3012002 4:02 17.28 0.49 8.25 0.76 0.25 0.77 0.06 
713012002 5:12 18.45 0.48 8.50 0.74 0.25 0.80 0.05 
8.75 0.71 0.i5 '0.84 0.04 
9.00 0.71 0.25 0.84 0.04 
9.25 0.70 0.25 0.86 0.04 
9.50 0.69 0.25 0.88 0.03 
9.75 0.68 0.25 0.89 0.03 
10.25 0.68 0.50 0.89 0.05 
10.50 0.67 0.25 0.91 0.02 
10.75 0.67 0.25 0.91 0.02 
11,00 0.65 0.25 0.94 0.02 
11.25 0.65 0.25 0.94 0.02 
11.50 0.63 0.25 0.97 0.01 
11.75 0.63 0.25 0.97 0.01 
12.00 0.62 0.25 0.98 0.00 
HYCLIFF PS (CONT'D) 
Field Model (Inlet) 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (br) VALUE FV ALUE)-"'TIME (br) TIME (mgIL) TIllIE (mgIL) TIME (mgIL) TIME (mgIL) (bours) (br) (bours) (br) 
13.25 0.62 1.25 0.98 0.02 
13.50 0.61 0.25 1.00 0.00 
85.25 0.61 71.75 1.00 0.00 
POND ROAD 
Field Model 
ELAPSED MEAN ELAPSED MEAN "'TIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (br) VALUE FV ALUE)-"'TIME (hr) TThIE TIME 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (br) (br) 
712912002 12:26 1.68 1.20 14.20 0.46 0.00 1.25 26.65 0.26 0.00 0.00 0.00 26.65 
712912002 13:20 2.58 1.20 17.50 1.25 17.50 0.00 17.50 
712912002 14:22 3.62 1.22 17.75 1.23 0.25 0,03 0.24 
712912002 15:21 4.60 1.19 18.00 1.21 0.25 0.05 0.24 
712912002 17:00 6.25 1.20 18.25 1.24 0.25 0.01 0.25 
712912002 18:05 7.33 1.20 19.50 1.24 1.25 0.01 1.23 
712912002 19:00 8.25 1.01 19.75 1.16 0.25 0.12 0.22 
112912002 20:10 . 9.42 0.87 20.00 1.09 0.25 0.21 0.20 
712912002 21:00 10.25 0.84 20.25 0.97 0.25 0.37 0.16 
712912002 22:10 11.42 0.83 20.50 0.90 0.25 0.47 0.13 
712912002 23:05 12.33 0.86 20.75 0.87 0.25 0.51 0.12 
713012002 1:03 14.30 0.87 21.00 0.93 0.25 0.43 0.14 
713012002 2:00 15.25 0.87 21.25 0.98 0.25 0,36 0.16 
713012002 3:16 16.52 0.84 21.50 1.01 0.25 0.32. 0.17 
713012002 4:19 17.57 0.82 21.75 0.98 0.25 0.36 0.16 
713012002 5:26 18.68 0.79 22.00 0.92 0.25 0.44 0.14 
713012002 6:23 19.63 0.78 22.25 0.92 0.25 0.44 0.14 
713012002 8:45 22.00 0.68 22.50 0.95 0.25 0.40 0.15 
713012002 12:00 25.25 0.61 22.75 1.00 0.25 0.33 0.17 
713012002 15:10 28.42 0.58 23.00 1.03 0.25 0.29 0.18 
POND ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (i- MEAN RES. TIME DATE TIME F RES. CI F RES. Cl (hr) VALUE FVALUE)'ATIME (hr) TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
23.25 1.05 0.25 0.27 0.18 
23.50 1.05 0.25 0.27 0.18 
23.75 1.01 0.25 0.32 0.17 
24.00 1.00 0.25 0.33 0.17 
24.25 0.98 0.25 0.36 0.16 
24.50 0.94 0.25 0.41 0.15 
24.75 0.92 0.25 0.44 0.14 
25.00 0.94 0.25 0.41 0.15 
25.50 0.94 0.50 Ml 0.29 
25.75 0.96 0.25 0.39 0.15 
26.00 0.95 0.25 0040 0.15 
26.25 0.94 0.25 0.41 0.15 
26.50 0.93 0.25 0.43 0.14 
27.00 0.93 0.50 0.43 0.29 
27.25 0.95 0.25 0.40 0.15 
27.50 0.96 0.25 0.39 0.15 
27.75 0.99 0.25 0.35 0.16 
28.00 0.99 0.25 0.35 0.16 
28.25 1.03 0.25 0.29 0.18 
28.50 1.06 0.25 0.25 0.19 
28.75 1.06 0.25 0.25 0.19 
29.00 1.07 0.25 0.24 0.19 
29.25 0.92 0.25 0.44 0.14 
29.50 0.54 0.25 0.95 0.01 
38.50 0.54 9.00 0.95 0.48 
38.75 0.55 0.25 0.93 0.02 
39.00 0.54 0.25 0.95 0.01 
39.25 0.54 0.25 0.95 0.01 
39.50 0.51 0.25 0.99 0.00 
51.50 0.51 12.00 0.99 0.16 
• 
POND ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME RES. CI TIME F CI TIME F RES. (hr) VALUE FVALUE)'ATIME (hr) 
(hours) (mgIL) TIME (mg/L) (hours) (mgIL) TIME (mgIL) (hr) (br) 
51.75 0.50 0.25 1.00 0.00 
64.50 0.50 12.75 1.00 0.00 
64.75 0.51 0.25 0.99 0.00 
85.25 a.51 20.50 0.99 0.27 
TURN OF RIVER FS 
Field Model 
ELAPSED MEAN ELAPSED MEAN t.TIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI (hr) VALUE FVALUE)*ATIME (br) TIME (mg/L) TIME (mg/L) TIME (mgIL) TIME (mg/L) (bours) (br) (bours) (br) 
7/29/2002 12:30 1.75 1.33 13.90 0.50 0.00 1.25 8.79 0.69 0.00 0.00 0.00 8.79 
7/29/2002 14:35 3.83 1.28 5.75 1.25 5.75 0.00 5.75 
7/29/2002 17:30 6.75 1.33 6.00 1.24 0.25 0.01 0.25 \ 
7/29/2002 19:00 8.25 1.26 6.25 1.21 0.25 0.05 0.24 
7/29/2002 19:55 9.17 1.24 6.50 1.18 0.25 0.09 0.23 
7/29/2002 21:30 10.75 1.28 6.75 1.15 0.25 0.14 '0.22 
7/29/2002 22:35 11.83 1.20 7.00 1.10 0.25 0.20 0.20 
7130/2002 0:22 13.62 1.25 7.25 1.04 0.25 0.28 0.18 
7130/2002 1:19 14.57 0.65 7.50 0.98 0.25 0.36 0.16 
7130/2002 2:25 15.67 . 0.59 7.75 0.94 0.25 0.42 0.15 
7130/2002 3:30 16.75 0.59 8.00 0.89 0.25 0.49 0.13 
7130/2002 5:41 18.93 0.55 8.25 0.85 0.25 0.54 0.11 
7130/2002 6:36 19.85 0.52 8.50 0.84 0.25 0.55. 0.11 
7130/2002 7:35 20.83 0.56 8.75 0.82 0.25 0.58 0.10 
9.00 0.81 0.25 0.59 0.10 
. 9.25 0.81 0.25 0.59 0.10 
9.50 0.79 0.25 0.62 0.09 
9.75 0.78 0.25 0.64 0.09 
10.00 0.78 0.25 0.64 0.09 
TURN OF RIVER FS (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN 8TlME F (1- MEAN REB. TIME DATE TIME F REB. el F REB. CI (br) VALUE 'FVALUE)*8TIME (br) TIME TIME 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (br) (br) 
10,25 0,74 0.25 0,69 0,08 
10,50 0.73 0.25 0.70 0,07 
10.75 0.70 0.25 0.74 0.06 
11.00 0.69 0.25 0.76 0.06 
11.25 0.67 0.25 0.78 0.05 
11.50 0.65 0.25 0.81 0.05 
11.75 0.62 0.25 0.85 0.04 
12.00 0,58 0.25 0.91 0.Q2 
12.25 0.56 0.25 0.93 0.02 
12.50 0.54 0.25 0.96 0.01 
12.75 0.54 0.25 0.96 0,01 
13.00 0.52 0.25 0.99 0.00 
14.25 0.52 1.25 0.99 0.02 
14.50 0.51 0.25 1.00 0.00 
85.25 0.51 70.75 1.00 0.00 
PEPPER RIDGE ROAD (WEED lllLL) 
Field Model 
ELAPSED MEAN ELAPSED MEAN 8TIME F (1- MEAN REB. TIME DATE TIME F REB. CI F RES. CI (br) VALUE FVALUE)*8TThm (br) TIME TIME 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (br) (br) 
712912002 12:00 1.25 1.20 4.80 0.66 0.00 1.25 7.26 0.77 0.00 0.00 0.00 7.26 
712912002 13:05 2.33 1.22 4.50 1.25 4.50 0.00 4.50 
712912002 13:49 3.07 0.98 4.75 1.23 0,25 0.03 0.24 
712912002 15:15 4.50 1.23 5.00 1.20 0.25 0.07 0.23 
712912002 17:50 7.08 0.76 5.25 1.16 0.25 0.13 0.22 
712912002 , 18:45· 8.00 0.66 5.50 1.03 0.25 0.31 '0.17 
712912002 19:45 9.00 0.60 5.75 0.95 0.25 0.43 0.14 
712912002 20:50 10.12 0.76 6.00 0.92 0.25 0.47 0.13 
PEPPER RIDGE ROAD (WEED mLL) (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN t.TIME F (I- . MEAN RES. TIME DATE TIIIlE F RES. a F 'RES. CI (br) VALUE FVALUE)·t.TIME (br) TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (bours) (br) (bours) (br) 
712912002 21:45 11.00 0.55 6.25 0.89 0.25 0.51 0.12 
712912002 22:50 12.08 0.55 6.50 0.86 0.25 0.56 0.11 
6.75 0.83 0.25 0.60 0.10 
7.00 0.82 0.25 0.61 0.10 
7.25 0.79 0.25 0.66 0.09 
7.50 0.78 0.25 0.67 0.08 
7.75 0.77 0.25 0.69 0.08 
8.00 0.75 0.25 0.71 0.07 
8.25 0.74 0.25 0.73 0.07 
8.50 0.73 0.25 0.74 0.06 
8.75 0.70 0.25 0.79 0.05 
9.00 0.69 0.25 0.80 0.05 
10.50 0.69 1.50 0.80 0.30 
10.75 0.68 0.25 0.81 0.05 
11.00 0.66 0.25 0.84 0.04 
11.25 0.65 0.25 0.86 0.04 
11.50 0.64 0.25 0.87 0.03 
11.75 0.63 0;25 0.89 0.03 
12.00 0.62 0.25 0.90 0.03 
12.25 0.61 0.25 0.91 0.02 
12.50 0.60 0.25 0.93 0.02 
12.75 0.59 0.25 0.94 0.01 
13.00 0.58 0.25 0.96 o,o! 
13.25 0.57 0.25 0.97' 0.01 
14.00 0.57 0.75 0.97 0.02 
14.25 0.56 0.25 0.99 0.00 
14.75 0.56 0.50 0.99 0.01 
15.00 0.57 0.25 0.97 0.01 
15.75 0.57 0.75 0.97 0.02 
16.00 OOS5 0.25 1.00 0.00 
PEPPER RIDGE ROAD (WEED IllLL) (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI TIME TIME (br) VALUE FVALUE)*ATIME (br) 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (br) (hr) 
85.25 0.55 69.25 1.00 0.00 
GIOVANNI'S MARKET 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME· F (1- MEAN RES. TIME DATE TIME F RES. Cl F RES. C! (hr) VALUE FVALUE)*ATIME (hr) TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
713012002 8:55 22.17 0.64 18.30 0.20 0.00 1.25 21.79 0.33 0.00 0.00 0.00 21.79 
713012002 10:15 23.50 0.59 20.75 1.25 20.75 0.00 20.75 
713012002 11:15 24.50 0.57 21.00 0.93 0.25 0.45 0.14 
713012002 13:45 27.00 0.56 21.25 0.88 0.25 0.52 0.12 
713012002 14:50 28.08 0.55 21.50 0.81 0.25 0.62 0.10 
21.75 G.78 0.25 0.66 0.08 
22.00 0.76 0.25 0.69 0.08 
22.25 0.72 0.25 0.75 0.06 
22.50 0.69 0.25 0.79 0.05 
22.75 0.66 0.25 0.83 0.04 
23.00 0.65 0.25 0.85 0.04 . 
23.75 0.65 0.75 0.85 0.12 
24.00 0.63 0.25 0.87 0.03 
24.50 0.63 0.50· 0.87 0.06 
24.75 0.59 0.25 0.93 0.02 
25.50 0.59 0.75 0.93 0.05 
25.75 0.57 0.25 0.96 0,01 
26.50 0.57 0.75 0.96 0.03 
26.75 0.55 0.25 0.99 0.00 
27.00 0.55 0.25 0.99 0.00 
27.25 0.54 0.25 1.00 0.00 
85.25 0.54 58.00 1.00 0.00 
• I 
LONG RIDGE F$ #2 
Field· Model 
ELAPSED MEAN ELAPSED MEAN ~TThlE F (1- MEAN RES. TIME DATE TIME F RES. Cl F RES. CI (hr) VALUE FV ALUE)*~TIME (hr) TIME TIME 
(hours) (mgIL) TIME (mgIL) (hours) . (mgIL) TIME (mgIL) (hr) (hr) 
7130120fJ2 8:45 22.00 1.24 32.40 0.t7 0.00 1.25 35.19 0.16 0.00 0.00 0.00 35.19 
713012002 10:00 23.25 1.24 33.75 1.25 33.75 0.00 33.75 
713012002 11:00 24.25 1.28 34.00 1.18 0.25 0.10 0.23 
713012002 13:35 26.83 1.24 34.25 0.90 0.25 0.50 0.13 
713012002 14:35 27.83 L22 34.50 0.88 0.25 0.53 0.12 
713012002 16:45 30.00 1.03 34.75 0.84 0.25 0.59 0.10 
713012002 18:50 32.08 0.86 35.00 0.81 0.25 0.63 0.09 
7130/2002 19:55 33.17 0.77 35.25 0.78 0.25 0.67 0.08 
713012002 21:55 35.17 0.67 35.50 0.77 0.25 0.69 0.08 
713012002 22:30 35.75 0.65 35.75 0.76 0.25 0.70 0.08 
7130120fJ2 23:30 36.75 0.64 36.00 0.76 0.25 0.70 0.08 
713112002 0:12 37.45 0.62 36.25 0.75 0.25 0.71 om 
713112002 1:19 38.57 0.63 36.50 0.72 0.25 0.76 0.06 
713112002 2:21 39.60 0.62 36.75 0.71 0.25 0.77 0.06 
713112002 3:37 40.87 0.60 37.00 0.70 0.25 0.79 0.05 
713112002 5:08 42.38 0.57 37.25 0.67 0.25 0.83 0.04 
713112002 6:30 43.75 0.53 37.50 0.62 0.25 0.90 0.Q3 
7131120fJ2 7:50 45.08 0.52 38.25 0.62 0.75 0.90 0.08 
7131/2002 9:00 46.25 0.52 38.50 0.60 0.25 0.93 0.02 
7131/2002 10:28 47.72 0.52 38.75 0.60 0.25 0.93 0.02 
7131120fJ2 11:48 49.05 0.51 39.00 0.59 0.25 0.94 om 
39.25 0.58 0.25 0.96 0.01 
39.50 0.58 0.25 0.96 0.01 
39.75 0.56 0.25 0.99 0.00 
40.00 0.55 0.25 1.00 0.00 
85.25 0.55 45.25 1.00 0.00 
RIDGECREST ROAD 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIlIIE F (1- MEAN RES. TIllIE DATE TIME F RES. CI F RES. CI (br) VALUE FV ALUE)*ATIlIIE (hr) TIllIE TIllIE 
(hours) (mgIL) TIME (mgIL) (hours) (mgIL) TIME (mgIL) (br) (hr) 
7130/2002 9:25 22.67 1.24 45.90 0,07 0.00 1.25 58.93 0.03 0.00 0.00 0.00 58.93 
7130/2002 10:30 23.75 1.23 57.50 1.25 57.50 0.00 57.50 
7130/2002 11:35 24.83 1.26 57.15 0.98 0.25 0.39 0.15 
7130/2002 14:00 27.25 1.24 58.00 0.90 0.25 0.51 0.12 
7130/2002 19:06 32.35 1.23 58.25 0.88 0.25 0.54 0.12 
7130/2002 20:14 33.48 1.24 58.50 0.84 0.25 0.59 0.10 
7130/2002 22:10 35.42 1.25 58.75 . 0.80 0.25 0.65 0.09 
7131/2002 1:38 38.88 1.25 59.00 0.79 0.25 0.67 0.08 
7131/2002 3:56 41.18 1.29 59.25 0.79 0.25 0.67 0.08 
7131/2002 6:12 43.45 1.27 59.50 0.76 0.25 0.71 0.Q7 
7131/2002 8:17 45.53 1.16 59.75 0.74 0.25 0.74 0.Q7 
7131/2002 10:05 47.33 0.85 60.00 0.73 0.25 0.75 0.06 
7131/2002 11:27 48.70 0.74 60.25 0.72 0.25 0.77 0.06 
7131/2002 12:32 49.78 0.71 60.50 0.70 0.25 0.80 0.05 
7131/2002 13:26 50.68 0.69 60.75 0.69 0.25 0.81 0.05 
7131/2002 14:30 51.75 0.66 61.00 0.67 0.25 0.84 0.04 
7131/2002 15:30 52.75 0.63 61.75 0.67 0.75 0.84 0.12 
7131/2002 16:40 53.92 0.62 62.00 0.65 0.25 0.87 O,OJ 
7131/2002 17:35 54.83 0.62 62.50 0.65 0.50 0.87 0.Q7 
713112002 18:30 55.75 0.61 62.75 0.61 0.25 0.93 0.02 
7131/2002 19:30 56.75 0.61 63.00 0.61 0.25 0.93 0.02 
7131/2002 20:30 57.75 0.61 63.25 0.59 0.25 0.96 0.01 
7131/2002 21:30 58.75 0.58 63.50 0.59 0.25 0.96 0.01 
7131/2002 23:07 60.37 0.58 63.75 0.58 0.25 0.97 0.01 
64.00 0.58 0.25 0.97 0.01 
64.25 0.56 0.25 1.00 0.00 
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STAMFORD WTP - CLEARWELL EFFLUENT 
Field Model 
ELAPSED MEAN ELAPSED MEAN 8T1ME F (1- MEAN RES. TlME DATE TIME F RES. el RES. CI TIlliE TlME F (hr) VALUE FVALUE)*8TlME (hr) (mg/L) TlME (mg/L) (mgIL) TIME (mg/L) (hours) (hr) (hours) (hr) 
3/1912003 10:00 0.50 1.26 1.80 1.13 O~OO 1.25 2.01 1.13 0.00 0.00 0.00 2.01 
311912003 10:25 0.92 1.16 0.50 1.25 . 0.50 0.00 0.50 
3/1912003 10:35 1.08 0.91 1.00 1.19 0.50 0.08 0.46 
3/1912003 10:45 1.25 0.81 1.50 0.84 0.50 0.55 0.23 
3/1912003 11:00 1.50 0.90 2.00 0.72 0.50 0.71 0.15 
3/1912003 11:20 1.83 0.70 2.50 0.68 0.50 0.76 0.12 
3/1912003 11:40 2.17 0.68 3.00 0.68 0.50 0.76 0.12 
3/1912003 12:15 2.75 . 0.68 3.50 0.67 0.50 0.77 0.11 
3/1912003 12:40 3.17 0.68 4.00 0.65 0.50 0.80 0.10 
311912003 15:00 5.50 0.56 4.50 0.62 0.50 0.84 0.08 
311912003 15:40 6.17 0.54 5.00 0.60 0.50 0.87 0,07 
5.50 0.57 0.50 0.91 0.05 
6.00 0.54 0.50 0.95 0.03 
6.05 0.54 0.05 0.95 0.00 
6.50 0.50 0.45 1.00 0.00 
110.50 0.50 104.00 1.00 0.00 
VINE ROAD PS 
Field Model 
ELAPSED ~iEAN ELAPSED MEAN. 8TlME F (1- MEAN RES. TlME DATE TIllIE F RES. C1 RES. CI TlME TIME F (hr) VALUE FVALUE)*8TnlE (hr) (mg/L) TIllIE (mgIL) (mgIL) TlME (mg/L) (hours) (hr) (hours) (hr) 
311912003 10:25 0.92 0.99 3.30 0.88 0.00 1.25 4.02 1.09 0.00 0.00 0.00 4.02 
3/1912003 12:30 3.00 1.08 2.50 1.25 2.50 0.00 2.50 
3/1912003 13:55 4.42 0.84 3.00 1.22 0.50 0.04 0.48 
311912003 14:50 5.33 0.65 3.50 0.89 0.50 0.52 0.24 
3/1912003 16:40 7.17 0.67 4.00 0.75 0.50 0.72 0.14 
3/1912003 19:20 9.83 0.52 4.50 0.72 0.50 0.77 0.12 
5.50 0.72 1.00 0.77 0.23 
6.00 0.68 0.50 0.83 0.09 
VINE ROAD PS (CONTD) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ,.,TIME F (1- MEAN RES. TIME DATE TIME TIME F RES. CI TIME F RES. CI (hr) VALUE FVALUE)*,.,TIME (br) (mgIL) TIME (mgIL) (mgIL) T= (mgIL) (bour') (br) (bour.) 
6.05 0.68 0.05 0.83 0.Q1 
6.50 0.66 0.45 0.86 0.Q7 
7.00 0.65 0.50 0.87 0.07 
7.50 0.64 0.50 0.88 0.06 
8.00 0.60 0.50 0.94 0.03 
8.50 0.56 0.50 , 1.00 0.00 
!l0.50 0:56 102.00 1.00 0.00 
PEPPERRIDGE ROAD (WEED HILL) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ,.,TIME F (1- MEAN RES. TIME DATE TIME 
TIME F RES. CI TIME F RES. CI (br) VALUE FVALUE)*"'TIME (br) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (bour.) (br) (hours) (br) 
3/1912003 10:55 1.42 1.18 7.90 0.85 0.00 1.25 10.90 0.99 0.00 0.00 0.00 10.90 
3/1912003 12:50 3.33 1.22 6.50 1.25 6.50 0.00 6.50 
3/1912003 14:05 4.58 1.22 7.00 1.23 0.50 0.03 0.49 
3/1912003 15:00 5.50 1.23 7.50 1.17 0.50 0.12 0.44 
311912003 16:55 7.42 1.10 8.00 1.06 0.50 0.28 0.36 
312012003 2:00 16.50 0.62 8.50 0.95 0.,50 0.45 0.28 
3/20/2003 4:30 19.00 0.59 9.00 0.89 0.50 0.54 0.23 
3/2012003 10:50 25.33 0.54 9.50 0.85 0.50 0.60 0.20 
9.55 0.85 0.05 0.60 0.02 , 
10.00 0.84 0.45 0.61 0.17 
10.50 0.82 0.50 0.64 0.18 
11.00 0.80 0.50 0.67 0.16 
!l.SO 0.75 0.50 0.75 0.13 
11.55 0.75 0.05 Q.75 0.Q1 
12.00 0.73 0.45 0.78 0.10 
12.50' 0.70, 0.50 0.82 0.09 
13.00 0.67 0.50 0.87 0.Q7 
PEPPERRIDGE ROAD (WEED HILL) (CONT'D) 
Field Model 
ELAPSED ~AN ELAPSED MEAN aTIME F (1- MEAN RES. TIME DATE TIME TIME . F RES. CI TIllIE F REs. el (bT) VALUE FVoU,UE)*aTIME (bT) 
(bours) (mgIL) ~~f (mgIL) (bours) (nigIL) Ttt: (mgIL) 
13.50 0.66 0.50 0.88 0.06 
14.00 0.65 0.50 0.90 0.05 
14.50 0.63 0.50 0.93 0.04 
15.00 0.63 0.50 0.93 0.04 
15.50 . 0.62 0.50 0.94 0.Q3 
16.50 . 0.62 1.00 0.94 0.06 
17.00 0.61 0.50. 0.96 0.02 
21.00 0.61 4.00 0.96 0.18 
21.50 0.60 0.50 0.97 0.01 . 
30.00 0.60 8.50 0.97 0.25 
30.50 0.59 0.50 0.99 0,01 
39.50 0.59. 9.00 0.99 . 0.13 
. 40.00 0 .. 58 0.50 1.00 0.00 
51.50 0.58 11.50 1.00 0.00 
52.00 0.60 0.50 0.9.7 O.ot 
52.50 0.59 0.50 0.99 0.01 
76.00 0.59 23.50 0.99 0.35 
76.50 0.61 0.50 0.96 0.02 
77.00 0.60 0.50 0.97 0.01 
78.00 0.60 1.00 0.97 0.03 
78.50 0.58 0.50 1.00 . 0.00 
102.00 0.58 23.50 1.00 0.00 
102.05 0.60 0.05 0.97 0.00 
102.50 0.59. 0.45 0.99 0,01 
103.00 0.59. O.SO 0.99 . 0.01 
103.50 0.60. 0.50 0.97 0.01 
104.00 . 0.60 0.50 0.97 0.01 
104.50 0.59 0.50 0.99 . 0,01 
110.50 0·59 6·00 0.99 0,09 
KITCHENS BY DEANE 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATiME F (1- MEAN RES. TIME DATE TIME T~ F RES. CI TIME F RES. CI (hr) VALUE FV ALUE)*ATIME (hr) (mivL) TIME (mgIL) (mgIL) TIME (mgIL) (hour,) ., Ihr) (hours) (br) 
3/1912003 18;30 9·90 1.13 11.10 0.91 0.00 1.25 23.88 0.81 0.00 0.00 0.00 23.88 
3/1912003 21;50 12.33 '0.61 10.50 1.25 10.50 0.00 10.50 
312012003 1;30 16.00 0.73 11.00 1.11 0.50 0.21 0.39 
31201i003 4;10 18.67 0.71 11.50 1.04 0.50 0.32 0.34 
312012003 9;30 24.00 0.61 11.55 1.04 0.05 0.32 0.03 
312012003 12;55 27.42 0.59 12.00 1.00 0.45 0.38 0.28 
12.50 0.99 0.50 0.39 0.30 
13.00 0.97 0.50 0.42 0.29 
13.50 0.94 0.50 0.47 0.27 
14.00 0.94 0.50 0.47 0.27 
14.50 0.92 0.50 0.50 0.25 
15.00 0.90 0.50 0.53 0.23 
15.50 0.88 0.50 0.56 0.22 
16.00 0.86 0.50 0.59 0.20 
16.50 ~85 0.50 0.61 0.20 
17.00 0.85 . 0.50 0.61 0.20 
17.50 0.83 0.50 0.64 0.18 
17.55 0.83 0.05 .0.64 . 0.02 
18.00 O.~I 0.45 . 0.67 0.15 
18.50 0.81 0.50 0.67 0.17 
19.00 0.80 0.50 0.68 0.16 
19.50 0.79 0.50 0.70 0.15 
21.00 0.79 1.50 0.70 0.45 
21.50 0.78 0.50 0.71 0.14 
21.55 0.78 0.05 0.71 om 
22.00 0.76 0.45 0.74 0.12 
22.50 0.75 0.50 0.76 0.12 
23.00 1.03 0.50 0.33 0.33 
23.50 1.24 0.50 0.02 0.49 
24.00 1.24 0.50 0.Q2 0.49 
24.50 1.00 0.50 0.38 0.31 
KITCHENS BY DEANE (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (1- MEAN RES. TIME DATE TIME 
TIME F RES. Cl TIME F RES. Cl (br) VALUE FVALUE)·"TIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (bours) (hrt (bours) (hr) 
25.00 0.77 0.50 0.73 0.14 
25.50 · 0.69 0.50 0.85 0.08 
.26.50 0.69 1.00 0.85 0.15 
27.00 0.65 0.50 0.91 0.05 
28.00 0.65 1.00 0.91 '0.09 
28.50 0.64 0.50 0.92 0.04 
29.50 0.64 1.00 0.92 0.08 
30.00 0.62 0.50 . 0.95 0.02 
46.00 0.62 16.00 0.95 0.73 
46.50 0.61 0.50 0.97 '0.02 
47.00 1.18 0.50 0.11 0.45 
47.50 · 1.22 0.50 0.05 0.48 
48.55 1.22 1.05 0.05 1.00 
49.00 0.97 0.45 0.42 0.26 
49.50 0.65 0.50 0.91 0.05 
50.00 0.59 0.50 1.00 0.00 
71.00 0.59 21.00 1.00 0.00 
71.50 · 0.78 0.50 0.71 0.14 
72.00 1.20 0.50 0.08 0.46 
72.50 1.20 0.50 0.08 0.46 
73.00 1.11 0.50 0.21 0.39 
73.05 1.11 0.05 0.21 0.04 
73.50 0.94 0.45 0.47 0.24 
74.00 0.75 0.50 0.76 0.12 
74.50 0.60 0.50 0.98 0.01 
97.00 0.60 22.50 0.98 0.34 
97.50 0.62 0.50 0.95 0.02 
98.00 0.59 0.50 1.00 0.00 
98.50 0.92 0.50 0.50 0.25 
98.55 0.92 0.05 0.50 0.02 
99.00 0.99 0.45 0.39 0.27 
. KITCHENS BY DEANE ·(CONTD) 
Field· Model 
ELAPSED MEAN ELAPSED 
. MEAN . ATIME F (1- MEAN RES. TIME DATE TIME 
'TIME F RES. Cl . TIME· F RES. CI . (hr) VALUE FVALUE)*ATIME (hr) (~gIL) Tf:: (mgIL) (mgIL) TIME (mgIL) (hours) . (hours) (hr) , 
99.50 0:83 0.50 0.64 0.18 
100.00 0:63 0.50 0.94 ·0,03 
100.50 0.59 0.50 1.00 0.00 
110.50 0.59 10.00 . 1.00 0.00 
HYCLIFFPS 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATlME F (1- MEAN RES. TIME DATE TIME F RES, CI F RES. Cl TIME (mgIL) T~IE (mgIL) TIME (mgIL) TIME (mgIL) (hr) VALUE FVALUE)*ATIME (hr) (hours) (lir) (hours) (hri 
3/1912003 11:15 1.75 1.11 19.90 0.72 0.00 1.25 8.52 1.01 0.00 0.00 0.00 8.,2 
311912003 13:00 3.50 1.08 6.50 1.25 6.50 0.00 6.50 
311912003 14:25 4·92 1.14 . 7.00 1.18 0.50 0.11 0.45 
3/1912003 15:15 5.75 1.18 7.50 1.00 0.50 0.39 0.30 
311912003 17:45 8.25 1.13 8.00 0.89 0.50 0.56 0.22 
3/1912003 21:15 11.75 1.32 8.50 0.84 0.50 0.64 0.18 
312012003 0:45 Ins 0.95 9.00 ·0.82 0.50 0.67 0.16 
312012003 3:40 18.17 0.90 9.50 0.79. 0.50 0.72 0.14 
312012003 10:00 24.50 0.67 9.55 0.79 0.05 0.72 0.01 
312012003 13:15 27.75· 0.68 10.00 0.78 ·0.45 0.73 0.12 
312012003 17:00 31.50 0.72 10.50 0.75 0.50 0.78 0.11 
312012003 22:10 36:67· 0.67 11.00 0.73 0.50 0.81 0.09 
312112003 9:21 47.85 0.54 11.50 0,70 0.50 0.86 om 
11.55 0.69 0.05 0.88 0.01 
12.00 0.66 0.45 0.92 0.04 
12.50 0.64 0.50 0.95 0.02 
13.00 ·0.63 0.50 0.97 0.02 
15.50 0.63 2.50 0.97 0.08 
16.00 0.61 0.50 1.00 0.00 
110.50 0.61 94.50 1.00 0.00 
STAMFORD YACHT CLUB 
Field Model 
.. MEAN MEAN 
DATE TIME ELAPSED F REli. CI . ELAPSED RES. ATIME F (1- MEAN; RES. TIME 
'TIME TIME F C\ (br) VALUE FVALUEYATIME (br) (mg/L) TIME (mg/L) (mg/L) TiIllE (mg/L) (hours) (l)r) (hours) (hrl 
3/1912003 1'8:05 . 8.58' 1.19 26:60 0.60 0.00 1:25 30.50 0.18 0.00 0.00 0.00 30.50 
311912003 . 21:30 12:.00 1.15 22.00 1.25 22,00 0,00 22,00-
3(2012003 1:1$ 'IS.75· 1.12 22,50 1:24 0.50 0.02 0,49 
1120{2oo3 4:00 . 18.50 1.14 23.00 1.22' 0.50 OM 0.47 
312012003 9:15 23,75 1.03 23.50 l:2i 0.50 . 0.07 0,47 
312012003 12:30 27.00' 1.03 24.00 1.21 0.50 0.07 0.47 
312012003 17:30 32.00 0.71 24.50 1.18 0.50 0.12 '0.44 
312012003 22:30 3,.00 '0.83 25.00 1.15 '0.50 0.17 0.42 
312112003 9:30 48.00 0,56 25.50 1.13 '0.50 .0.20 0040 . 
25.55 1.12 0.05 0.22 0.Q4 
26.00 1.10 0.45 0.25 0.34 
26.50 1.07 0.50 0.31 0.35 
27.00 1.06 '0.50 0.32 0.34 
27.05 1.05 0.05 0.34 0.03 
27.50 1.03 0.45 0.37 0.28 
28.00 1.00 '0.50 0.42 0.29 
28.50 0.96 0.50 0.49 0.25 
29.00 0.94 0.50 0.53 0.24 
29.50 0.92 0.50 0.56 . 0.22 
30.00 0.88 0.50 0.63 0.19 
30.50 0.86 0.50 0.66 0.17 
31.00 0.85 0.50 0.68 0.16 
31.50 0.82 0.50 0.73 0.14 
32.00 0.80 0.50 0.76 '0.12 
32.50 0.79 '0.50 0.78 0.11 
33.00 0.78 0.50 0.80 0.10 
33.50 0.77 0.50 0.81 0.09 
34.00 0.74 0.50 0.86 0.07 
34.50 0.74 0.50 0.86 0.07 
35.00 0.73 0.50 0.88 0.06" 
STAMFORD YACIIT CLUB (CilNT'D)' 
F;eld Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME TIME F DES. CI TIME F RES. CI (hr) VALUE FVALUE)*ATIME (hr) (mgIL) TIME (mgIL) (mgIL) T:f (mgIL) (hou .. ) (br) (hours) 
35.50. 0.:72 0.50. 0..90. 0..0.5 
36.00. 0..71 0..50. 0..92 . 0..0.4 
38.00. 0..71 2.0.0. 0..92 0.17 
38.50. 0:70 0..50 0.93 0.,03 
58.00 0..70. 19.50. 0..93 1.32 
58.50. 0..68 0..50. 0..97 0..0.2 
, 59.0.0. 0..67 0..50. 0..98 0..0.1 
62.50. 0.67 3.50. 0..98 :0..0.6 
63.00. ' 0.66 '.0..5,0. 1.0.0. 0..0.0. 
110..50. ' 0..66 47.50. 1.0.0. '0..0.0. ' 
TUBN OF RIVER FS 
Field M~del 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. DATE TIME 
TIME F RES. CI TIME F RES. CI (br) VALUE FV ALUE)*ATIME 'TIME (hr) 
(hours) (mgIL) T:: (mgIL) (bours) (mgIL) T:: (mgIL) 
3/19/20.03 17:15 7.75' 1.0.2 6.70. 0..88 0..0.0. '1.25 9A5 0..82 ' 0..0.0. 0..00. 0..0.0. 9.45 
3119/2003 20.:30. 11.0.0. 0..65 ' 3.0.0. 1.25 3.0.0. 0..0.0. 3.0.0. 
3/20./20.03 0.:25 14.92 0..56 3.50. 1.19 0..50. 0..0.9 : 0.46 
3/20./2003 3:30. 18.0.0. 0..58 4.0.0. 1.14 0..50. 0..16 0..42 
3/20./20.0.3 10.:15 24.75 0..48 4.50. 1.14 . 0..50. 0..16 0..42 
5.0.0. 1.0.9 0..50. 0.23 0..39 
5.50. 1.0.8 0..50. 0..24 0..38 
6.0.0. 1.0.6 0..50. 0..27 0..16 
6.50. 1.06 0..50. 0..27 0..36 
7.0.0. . 1.0.3 0..50. 0..31 0..34' 
7.50. 0.97 0..50. 0..40. . 0..30. 
8.0.0. 0..91 0..50. 0..49 0..26 
8.50. 0..86 0..50. 0..56 0..22 
9.0.0. 0..80. 0..50. 0..64 0..18 
TURN OF RIVER FS (CONT'») 
Field Model 
ELAj'SED MEAN ELAPSED MEAN !;TIME F (1· MEAN RES. DATE TIME 
TIME F RES. CI TIME F RES. CI (br) VALUE FV ALUE)*IHIME TIME (br) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (bours) (brj" (bours) (br) 
9.50 0.77 0.50 0.69 0.16 
9.55 . 0.77 0.05 0.69 0.02 
10.00' 0.75 0.45 0.71 0.13 
10.50 0.73 0.50 0.74 0:13 
11.00 0.71 0.50 0.77 0.11· 
11.50 0.69 0.59 0.80 0.10 
11.55 0.69 0.05 0.80 0.01 
'12.00 0.67 0.45 0.83 : 0.08 
12.50 0.64 0.50 0.87 0.06 
13.00 0.62 . 0.50 0.90 0.05 
13.50 0.60 0.50 0.93 . 0,04 
14.00 0.60 0.50 0.93 0.04 
14.50 0.58 0.50 0.96 0.02 
47:50 0.58 33.00 0.96 1.41· 
·48.00 .0.55 0.50 1.00 0.00 
. 110.50 0.55. 62.50 1.00 . 0.00 
GIOVANNI'S MARKET : 
Field Model 
ELAPSllD MEAN ELAj'SED . MEAN !;TIME F (1· MEAN RES. DATE TIME TIME F RES. CI TIME' F /lES. CI (br) VALUE FV ALUE)*!;TIME TIME (hr) (mgIL) TIME (mgIL) (",gIL) T= (mgIL) (hours) (br) (hours) 
312012003 .11:05 25.58 1.09 4(30 0.67 0.00 1.25 53.53 0.70 0.00 0.00 0.00 53.53 
312012003 14:30 29.00 1.33 52.00 1.25 52.00 0.00 52.00 
312012003 16:40 31.17 1.21 52.50 0.92 0.50 0.49 0.25 
312012003 23:00 37.50 U8 53.00 0.81 0.50 . 0.66 0.17 
312112003 10:1.0 48.67 0.82 53.50 0.78 0.50 0.70 0.15 
312112003 13:05 51.58 0.71 54.50 . 0.78 1.00 0.70 0.30 
312112003 22:15 60.75 0.60 55.00 0.73 0.50 0.78 .. 0.11 
312212003 9:20 71.83 0.58 55.50 0.70 0.50 0.82 0.09 
GIOV ANNI'S ~~T(CONT'D) .. 
Fiel~ Model 
TIME ELAPS)i:D 
J!,IEAN ELAPSED J!,IEAN ATIME F (1- MEANRES. DATE F ·RES. el F RES. el TIME (mgIL) TIME (mgIL) TIME (mgIL) ~~)E (mgIL) (br) VALUE FVALUE)*ATIME TIME(br) (bours) (br) (bouh) 
312212003 11:45 14.25 0.58 55.55. 0.70 0.05 0.82 0.01 
312212003 13:55 76.42 0 .. 57 56.00 0.68 0.45 0.85 0.D7 
312212003 15:45 78.25 0.54 56.50 0.68 0.50 0.85 0.D7 
57.00 0.66 0.50 0.88 0.06 
57.50 0.61 0.50 0.96 0.D2 
58.00 0.59 0.50 0.99 . 0.01 
72.50 0.59 14.50 0.99 0.22 
73.00 0.58 0.50 1.00 0.00 
110.50 0.58 37.50 1.00 0.00 
200.00 0.58 89.50 1.00 0.00 
LONG RIDGE FS 82 
. \lield Model 
ELAPSED J!,IEAN ELAPSED J!,IEAN ATIME F (I- . J!,IEAN RES. DATE TIME 
TIME F RES. el TIME' F RES. CI (bt) VALUE FVALUE)*ATIME TiME(br) 
(bours) (mgIL) TIME (mgIL) (bours) (mgIL) TIME (mgIL) (bi-I (brl 
312112003 10:10 48.67 1.10 85.70 . 0.39 0.00 1.25 88.0t 0.54 0.00 :0.00 0.00 88.D7 
312112003 12:50 51.33 1.17 85.00 1.25 85.00 0.00 85.00 
312112003 19:50 58.33 1.23 85.50 1.14 0.50 0.16 0.42 
312112003 22:00 60.50 1.24 86.00 0.90 . 0.50 0.51 0.24 
312212003 9:05 71.58 1.20 86.50 0.84 0.50 0.60 0.20 
312212003 13:35 76.08 1.15 87.00 0.79 0.50 0.68 0.\6 
312212003 15:30 78.00 1.13 87.50 0.78 0.50 0.69 0.15 
312312003 9:00 9$.50 0.80 88.00 0.75 0.50 0.74 0.13 
312312003 11:30 98.00 0.84 9l.50 0.75 3.50 0.74 0.93 
312312003 . 14:40 101.17 0.81 92.00 0.74 0.50 0.75 0.13 
312412003 14:30 125.00 0.69 92.50 0.74 0.50 0.75 '. 0.13 
93.00 0.70 0.50 0.81 0.10 
93.50 0.70 0.50 0.81 0.10 
94.00 0.68 0.50 0.84 0.08 
LONG RIDGE FS #2 (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIllIE F (1- l\<IEANRES. DATE TIllIE 
TIllIE F RES. CI TIllIE F RES. CI (hr) VALUE FV ALUE)· "TIllIE TIllIE (br) (mgIL) TIllIE (mgIL) (mgIL) Tl:: (mgIL) (hour.) jbr) (hours) 
94.50 0.66 0.50 0.87 0.07 
95.00 0.59 0.50 0.97 O.oI 
103.00 0.59 8.00 0.97 0.24 
103.50 0.57 0.50 1.00 0.00 
110.50 0.57 7.00 1.00 0.00 
200.00 0.57 89.50 1.00 0.00 
RIDGECREST ROAD 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIllIE F (1- MEAN RES. DATE TIllIE 
TIllIE F RES. CI TIllIE F RES. CI (br) VALUE FVALUE)·"TIIIIE TIllIE (hr) (mgIL) TIllIE (mgIL) (mgIL) TIllIE (mgIL) (hours) 
-o.r) (hours) (br) 
312212003 9:35 72.08 1.26 158.40 0.26 0.00 1.25 150.52 0.30 0.00 0.00 0.00 150.52 
312212003 14:00 76.50 1.27 148.50 1.25 148.50 0.00 148.50 
312212003 15:55 78.42 1.27 149.00 1.12 0.50 0.20 0.40 
312312003 9:30 96.00 1.30 149.05 1.09 0.05 0.24 0.04 
312312003 11:45 98.25 1.37 149.50 0.91 0.45 0.52 0.22 
312312003 15:00 101.50 1.31 150.00 0.84 0.50 0.62 0.19 
312412003 14:30 125.00 1.45 150.50 0.80 0.50 0.68 0.16 
312512003 11:00 145.50 1.33 151.50 0.80 1.00 0.68 0.32 
312612003 10:30 169.00 0.83 152.00 0.77 0.50 0.73 0.14 
152.50 0.73 0.50 0.79 0.11 
153.00 0.72 0.50 0.80 0.10 
153.50 0.70 0.50 0.83 0.08 
154.00 0.65 0.50 0.91 . 0.05 
154.50 0.62 0.50 0.95 0.02 
155.00 0.60 0.50 0.98 0.01 
168.00 0.60 13.00 0.98 0.20 
168.50 0.59 0.50 1.00 0.00 
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STAMFORD WTP - CLEARWELL EFFLUENT 
Field Model 
ELAPSED' MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME F .RES. CI F RES. CI TIME (mgIL) TIME (mgIL) TIME (mgIL) TIME (mgIL) (br) VALUE FVALUE)*ATIME (br) (hours) (hr) (bours) (hr) 
8/1112003 10:15 0.25 lAO 1.50 1.13 0.00 1.25 1.51 1.13 0.00 0.00 0.00 1.51 
8/1112003 10:17 0.28 1.36 0.50 1.25 0.25 0.00 0.25 
811112003 10:27 0045 1.30 0.75 1.23 0.25 0.03 0.24 
8/1112003 10:38 0.63 1.21 1.00 1.14 0.25 0.14 0.21 
8/1112003 10:47 0.78 1.16 1.25 0.98 0.25 0.35 0.16 
811112003 10:57 0.95 1.01 1.50 0.88 0.25 0.47 0.13 
8/1112003 11:07 1.12 0.94 1.75 0.81 0.25 0.56 0.11 
8/1112003 11:18 1.30 0.87 2.00 0.74 0.25 0.65 0.09 
8/1112003 11:28 1.47 0.84 2.25 0.68 0.25 0.73 0.67 
8/1112003 11:38 1.63 0.78 2.50 0.64 0.25 0.78 0.05 
8/1112003 11:48 1.80 0.74 2.75 0.61 0.25 0.82 0.04 
8/1112003 11:58 197 0.70 3.00 0.58 0.25 0.86 0.04 
8/1112003 12:08 2.13 0.66 3.25 0.54 0.25 0.91 0.02 
8/1112003 12:18 2.30 0.64 3.50 0.54 0.25 0.91 0.02 
8/1112003 12:28 2.47 0.62 3.75 0.51 0.25 0.95 0.01 
8/1112003 12:38 2.63 0.59 4.00 0.49 0.25 0.97 0.01 
8/1112003 12:48 2.80 0.58 5.25 0.49 1.25 0.97 0.03 
8/1112003 12:58 2.97 0.54 5.50 0.48 0.25 0.99 0.00 
8/1112003 13:08 3.13 0.55 6.00 0.48 0.50 0.99 om 
8/1112003 13:18 3.30 0.54 6.25 0.47 0.25 1.00 0.00 
8/1112003 13:28 3.47 0.51 85.75 0.47 79.50 1.00 0.00 
8/1112003 13:43 3.72 0049 
8/1112003 13:53 3.88 0.49 
8/1112003 14:03 4.05 0047 
8/11/2003 15:27 5.45 0.47 
8/1112003 15:57 5.95 0.47 
WALTERLANE/ROXBURYTANK 
Field Model 
ELAPSED MEAN ELAPSED MEAN IITIME F (1- MEAN RES. TIME DATE TIME 
TIME F RES. Cl TIME F RES. CI (hr) VALUE FVALUE)*IITIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (hour.) Ihr) (hours) Ih,) 
8/1112003 10:40 0.42 1.04 66.00 0.02 0.00 1.00 N/C 0.1l 0.00 0.32 0.00 N/C 
8/1112003 12:05 1.83 1.05 14.75 1.00 14.50 0.32 9.81 
811112003 13:15 3.00 1.02 15.00 1.08 0.25 0.21 0.20 
8/1112003 14:10 3.92 0.98 15.25 1.10 0.25 0.18 0.21 
8/1212003 19:05 32.83 0.80 15.75 1.10 0.50 0.18 0.41 
8/1412003 9:20 71.08 0.82 16.00 I.lI 0.25 0.16 0.21 
811412003 15:00 76.75 0.85 16.25 1.16 0.25 0.09 0.23 
8/1512003 8:15 94.00 0.81 16.50 1.18 0.25 0.06 0.24 
16.75 1.22 0.25 0.00 0.25 
17.00 1,21 0.25 0.01 0.25 
17.25 1.14 0.25 0.12 0.22 
17.50 1.11 0.25 0.16 0.21 
17.75 1.09 0.25 0.19 0.20 
19.00 1.09 1.25 0.19 1.01 
19.25 1.05 0.25 0.25 0.19 
19.50 0.99 0.25 0.34 0.17 
19.75 0.91 0.25 0.46 0.14 
19.77 0.90 0.02 0.47 0.01 
20.00 0.86 0.23 0.53 0.11 
20.25 0.84 0.25 0.56 0.11 
20.50 0.88 0.25 0.50 0.13 
20.75 0.97 0.25 0.37 0.16 
21.00 1.12 0.25 0.15 0.21 
21.25 1.20 0.25 0.03 0.24 . 
21.50 1.10 0.25 0.18· 0.21 
21.75 1.10 0.25 0.18 0.21 
22.00 1.04 0.25 0.26 0.18 
22.25 1.02 0.25 0.29 0.18 
22.50 1.01 0.25 0.31 0.17 
38.25 1.01 15.75 0.31 10.89 
38.50 1.13 0.25 0.13 0.22 
WALTER LANE I ROXBURY TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN IITIME F (I· MEAN RES. TIME DATE TIME TIME F RES. CI TIME F RES. CI (hr) VALUE FVALUE)*IITIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mg/L) (hours) Ihr) (houn) (hr) 
38.75 0.82 0.25 0.59 0.10 
39.00 0.58 0.25 0.94 0.01 
39.25 0.55 0.25 0.99 0.00 
41.75 0.55 2.50 0.99 0.04 
42.00 0.58 0.25 0.94 0.01 
42.25 0.75 0.25 0.69 0.08 
42.50 0.96 0.25 0.38 0.15 
42.75 1.17 0.25 0.07 0.23 
43.00 1.03 0.25 0.28 0.18 
43.25 1.01 0.25 0.31 0.17 
60.75 1.01 17.50 0.31 12.10 
61.00 1.15 0.25. 0.10 0.22 
61.25 0.55 0.25 0.99 0.00 
69.50 0.55 8.25 0.99 0.12 
69.75 0.59 0.25 0.93 0.02 
70.00 0.76 0.25 0.68 0.08 
70.25 0,89 0.25 0.49 0.13 
70.50 0.95 0.25 0.40 0.15 
70.75 0.96 0.25 0.38 0.15 
71.00 0.97 0.25 0.37 0.16 
71.25 0.99 0.25 0.34 0.17 
74.50 0.99 3.25 0.34 2.15 
74.75 0.98 0.25 0.35 0.16 
78.25 0.98 3.50 0.35 2.26 
78.50 0.99 0.25 0.34 0.17 
79.50 0.99 1.00 0.34 0.66 
79.75 0.98 0.25 0.35 0.16 
82.00 0.98 2.25 0.35 1.46 
82.25 0.97 0.25 0.37 0.16 
82.50 0.97 0.25 0.37 0.16 
'82.75 0.94 0.25 0.41 0.15 
WALTER LANE /ROXBURY TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN Ll.TIME F (1- MEAN RES. TIME DATE TIME TIME F RES. CI TIME. F RES. CI (hr) VALUE FVALUE)*Ll.TIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
83.00 0.94 0.25 0.41 0.15 
83.25 0.89 0.25 0.49 0.13 
83.50 0.54 0.25 1.00 0.00 
85.75 0.54 2.25 1.00 0.00 
STAMFORD YACHT CLUB 
Field Model 
ELAPSED MEAN ELAPSED MEAN Ll.TIME F (1- MEAN RES. TIME DATE TIME TIME F RES. CI TIME F RES. CI (hr) VALUE FVALUE)*ATIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (hours) (hr) (hours) (hr) 
8/1112003 13:27 3.20 1.01 12.60 0.18 0.00 1.20 27.77 0.20 0.00 0.00 0.00 27.77 
8/1112003 14:47 4.53 1.01 22.00 1.20 21.75 0.00 21.75 
8/1112003 17:57 7.70 1.06 22.25 1.19 0.25 0.02 0.25 
8/1112003 18:50 8.58 1.06 22.50 1.19 0.25 0,02 0.25 
8/1112003 20:17 1M3 1.04 22.75 1.18 0.25 0.04 0.24 
8/1112003 21:05 10.83 1.07 23.00 1.16 0.25 0.08 0.23 
8/1112003 21:56 11.68 1.04 23.25 1.16 0.25 0.08 0.23 
8/1112003 22:41 12.43 1.03 23.50 1.15 0.2.5 0.09 0.23 
8/12.12003 23:29 13.23 1.02 23.75 1.14 0.25 0.11 0.22 
8/12.12003 1:l5 15.00 0.95 24.00 1.13 0.25 0.13 0.22 
8112.12003 2:10 15.92 0.87 24.25 1.11 0.25 0.17 0.21 
8/12.12003 3:30 17.25 0.86 24.50 1.10 0.25 0.19 0.20 
8/12.12003 4:30 18.25 0.80 24.75 1.09 0.25 0.21 0.20 
8/12.12003 5:50 19.58 0.76 25.00 1.07 0.25 0.25 0.19 
8/12.12003 6:45 20.50 0.70 25.25 1.06 0.25 0.26 0.18 
8/12.12003 9:36 23.35 0.73 25.50 1.04 0.25 0.30 0.17 
8/12.12003 11:30 25.25 0.65 25.75 1.03 0.25 0.32 0.17 
8/1212003 '13:29 27.23 0.61 26.00 1.01 0.25 . 0.36 0.16 
8/1212003 14:21 28.10 0.59 26.25 0.99 0.25 0040 0.15 
8/12.12003 15:06 28.85 0.55 26.50 0.98 0.25 0.42 0.15 
STAMFORD YACHT CLUB (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN LlTJME F (1- MEAN RES. TJME DATE TJME TJME F RES. el TJME F RES. CI (br) VALUE FVALUE)*LlTJME (br) (mgIL) TJME (mgIL) (mgIL) TIME (mgIL) (bours) {brl (bours) {brl 
811212003 17:10 30.92 0.53 26.75 0.97 0.25 0.43 0.14 
811212003 21:05 34.83 0.48 27.00 0.95 0.25 0.47 0.13 
811212003 23:35 37.33 0.47 27.25 0.94 0.25 0.49 0.13 
811312003 9:05 46.83 0.41 27.50 0.93 0.25 0.51 0.12 
811312003 11:15 49.00 0.41 28.00 0.93 0.50 0.51 0.25 
28.25 0.91 0.25 0.55 0.11 
28.50 0:89 0.25 0.58 0.10 
28.75 0.88 0.25 0.60 0.10 
29.00 0.86 0.25 0.64 0.09 
29:25 0.85 0.25 0.66 0.08 
29.50 0.83 0.25 0.70 0.08 
29.75 0.82 0.25 0.72 0.07 
30.00 0.82 0.25 0.72 0.07 
30.25 0.81 0.25 0.74 0.Q7 
30.50 0.80 0.25 0.75 0.06 
31.00 0.80 0.50 0.75 0.12 
31.25 0.79 0.25 0.77 0.06 
31.50 0.79 0.25 0.77 0.06 
31.75 0.77 0.25 0.81 0.05 
32.00 0.76 0.25 0.83 0.04 
32.25 0.75 0.25 0.85 0.04 
32.50 0.74 0.25 0.87 0,03 
32.75 0.74 0.25 0.87 0.03 
33.00 0.73 0.25 0.89 0,03 
33.25 0.72 0.25 0.91 0.02 
33.50 0.72 0.25 0.91 0.02 
33.75 0.71 0.25 0.92 0.02 
35.50 0.71 1.75 0.92 0.13 
35.75 0.69 0.25 0.96 0.01 
36.50 0.69 0.75 0.96 0.03 
36.75 0.68. 0.25 0.98 0.00 
STAMFORD YACHT CLUB (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES •. Ci TIME (mg/L) TIME (mg/L) TIME (mg/L) TIME (mg/L) (br) VALUE FVALUE)*ATIME (hr) (bours) (hr) (hours) (br) 
40.75 . '0.68 4.00 0.98 0.08 
41.00 0.67 0.25 1.00 0.00 
85.75 0.67 44.75 1.00 0.00 
KITCHENS BY DEANE 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME 
TIME F RES. CI TIME F RES. Ct (hr) VALUE FVALUE)*ATIME (br) (mg/L) TIME (mg/L) (mg/L) TIME (mg/L) (bour.) (hr) (bours) (br) 
8/1112003 11:15 1.00 1.19 9.80 0.57 0.00 1.20 15.09 0.40 0.00 0.00 0.00 15.09 
8/1112003 13:00 2.75 1.17 9.25 1.20 9.00 0.00 9.00 
8/1112003 14:10 3.92 1.20 9.50 1.19 0.25 0.Q2 0.25 
8/1112003 17:31 7.27 1.19 9.75 1.15 0.25 0.08 0.23 
8/1112003 '18:30 8.25 1.16 10.00 1.12 0.25 0.14 0.22 
8/1112003 19:58 9.72 1.01 10.25 1.09 0.25 0.19 0.20 
811112003 20:50 10.58 0.91 10.50 1.05 0.25 0.25 0.19 
8/1112003 21:45 11.50 0.86 10.75 1.04 0.25 0.27 0.18 
8/1112003 22:26 12.18 0.79 11.00 1.01 0.25 0.32 0.17 
8/1112003 23:07 12.87 0.75 11.25 1.00 0.25 0.34 0.17 
811212003 1:30 15.25 0.66 11.50 0.98 0.25 0.37 0.16 
8/1212003 2:20 16.08 0.68 11.75 0.91 0.25 0.39 0.15 
8/1212003 3:40 17.42 0.67 12.00 0.95 .0.25 0.42 0.14 
8/1212003 4:50 18.58 0.59 12.25 0.94 0.25 0.44 0.14 
8/1212003 6:05 19.83 0.60 12.50 0.93 0.25 0.46 0.14 
8/1212003 7:05 2o.s3 . 0.51 12.75 0.91 0.25 0.49 0.13 
811212003 9:19 23.07 0.53 13.00 0.91 0.25 0.49 0.13 
811212003 10:16 24.02 0.48 13.25 0.90 0.25 0.51 0.12 
8/1212003 11:12 24.95 0.48 14.00 0.90 0.75 0.51 0.37 
8/1212003 13:11 26.93 0.46 14.25 0.88 0.25 0.54 0.11 
8/1212003 14:05 27.83 0.45 14.50 0.86 0.25 0.58 0.11 
KITCHENS BY DEANE (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN t.TIME F (1- MEAN RES. TIME DATE TIME F RES. Cl F RES. CJ (br) VALUE FVALUE)'t.TIME (br) TIME (mgIL) TIME (mgIL) TIME (mgIL) ~~ (mgIL) (bours) -(b.:) (bours) 
811212003 14:50 28.58 0.43 14.75 0.85 0.25 0.59 0.10 
811212003 16:45 30.50 0.43 15.00 0.84 0.25 0.61 0.10 
811212003 20:50 34.58 0.41 15.75 0.84 0.75 0.61 0.29 
811212003 23:10 36.92 0.39 16.00 0.83 0.25 0.63 0.09 
811312003 8:40 46.42 0.39 17.00 0.83 1.00 0.63 .0.37 
811312003 11:00 48.75 0.37 17.25 0.80 0.25 0.68 0.08 
17.50 0.79 0.25 0.69 0.08 
18.00 0.79 0.50 0.69 0.15 
18.25 0.78 0.25 0.71 0,07 
18.75 0.78 0.50 0.71 0.14 
19.00 0.76 0.25 0.75 0.06 
19.25 0.76 0.25 0.75 0.06 
19.50 0.75 0.25 0.76 0.06 
19.77 0.75 0.27 0.76 O.O~ 
20.00 0.74 0.23 0.78 0.05 
20.25 0.73 0.25 0.80 0.05 
20.50 0.73 0.25 0.80 0.05 
20.75 0.72 0.25 0.81 0.05 
21.50 0.72 0.75 0.81 0.14 
21.75 1.05 0.25 0.25 0.19 
22.00 1.19 0.25 0,02 0.25 
22.25 1.19 0.25 0.02 0.25 
22.50 1.11 0.25 0.15 0.21 
22.75 1.01 0.25 0.32 0.17 
23.00 0.93 0.25 0.46 0.14 
23.25 0.87 0.25 0.56 0.11 
.23.50 0.72 0.25 0.81 0.05 
23.75 0.68 0.25 0.88 0.03 
24.75 0.68 1.00 0.88 0.12 
25.00 0.67 0.25 0.90 0,03 
25.25 0.66 0.25 0.92 0.02 
CANFIELD DRIVE (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN /iTIlIIE F (1- MEAN RES. TIllIE DATE TIME F RES. CI F RES. CI TIllIE (mg/L) TIllIE (mg/L) TIllIE (mgIL) TIllIE (mg/L) (br) VALUE FV ALUE)*/iTIlIIE (br) (bour.) (br) (bours) (hr) 
78.00 1.08 0.25 0.04 0.24 
78.25 1.05 0.25 0.09 0.23 
78.50 1.04 0.25 0.11 0.22 
78.75 1.04 0.25 0.11 0.22 
79.00 1.03 0.25 0.13 0.22 
79.50 1.03 0.50 0.13 0.44 
79.75 1.02 0.25 0.15 0.21 
83.75 1.02 4.00 0.15 3.42 
84.00 1.04 0.25 0.11 0.22 
84.25 1.06 0.25 0.Q1 0.23 
84.50 1.06 025 0.Q1 0.23 
84.75 1.08 0.25 0.04 0.24 
85.50 1.08 0.75 0.04 0.72 
85.75 1.07 0.25 0.05 0.24 
WEEDHILLAVEIWEEDHILLTANK 
Field Model 
ELAPSED MEAN ELAPSED MEAN /iTIlIIE F (1- MEAN RES. TIllIE DATE TIME F RES. CI F RES. CI TIME TIME (br) VALUE FV ALUE)*/iTIlIIE (b,) 
(bours) (mgIL) Tt:: (mg/L) (bours) (mg/L) ~ (mg/L) 
811112003 11:30 1.25 1.10 2.70 0.84 0.00 1.10 3.22 0.84 0.00 0.00 0.00 3.22 
811112003 12:35 2.33 1.01 225 1.10 2.00 0.00 2.00 
811112003 13:45 3.50 1.02 2.50 1.11 0.25 -0.02 0.25 
811112003 14:45 4.50 0.83 2.75 1.16 0.25 -0.10 0.28 
811112003 15:30 5.25 0.68 3.25 1.16 0.50 -0.10 0.55 
811112003 16:36 6.35 0.55 3.50 1.18 0,25 -0.14 0.28 
811112003 18:20 8,08 0.50 4.25 1.18 0.75 -0.14 0.85 
811112003 19:10 8.92 0.45 4.50 1.04 025 0.10 0.22 
811112003 20:37 10.37 0.40 4.75 0,95 0.25 0.26 0.19 
811112003 21:58 11.72 0.38 5.00 0.89 0,25 0.36 0.16 
WEED HILL AVE IWEED HILL TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN <l.TIlIIE F (1- MEAN RES. TIllIE DATE TIllIE 
TIl\IE F RES. CI TIl\IE F RES. CI (h,) VALUE FVALUE)·<l.TIME (hr) (mgIL) TIl\IE (mgIL) (mgIL) TIllIE (mgIL) (hours) 
·Ih,) (hOurs) Ih,) 
811112003 n:45 12.50 0.37 5.25 0.82 0.25 0.48 0.13 
811212003 0:45 14.50 0.35 5.50 0.76 0.25 0.59 0.10 
5.75 0.70 0.25 0.69 0.08 
6.00 0.69 0.25 0.71 0.Q7 
6.25 0.64 0.25 0.79 0.05 
6.50 0.61 0.25 0.84 0,04 
6.75 0.61 0.25 0.84 0.04 
7.00 0.60 0.25 0.86 0.03 
7.25 0.55 0.25 0.95 0.01 
8.75 0.55 1.50 0.95 0.08 
9.00 0.53 0.25 0.98 0.00 
9.75 0.53 0.75 0.98 0.01 
10.00. 0.52 0.25 1.00 0.00 
18.75 0.52 8.75 1.00 0.00 
19.00 0.58 0.25 0.90 0.03 
19.25 0.62 0.25 0.83 0.04 
19.50 0.65 0.25 0.78 0.06 
19.75 0.67 0.25 0.74 0.06 
19.71 0.67 0.02 0.74 0.01 
20.00 0.68 0.23 0.72 0.06 
20.50 0.68 0.50 0.72 0.14 
20.75 0.69 0.25 0.71 0.07 
21.00 0.68 0.25 0.72 0.Q7 
21.25 0.67 0.25 0.74 0.06 
21.50 0.66 0.25 0.76 0.06 
21.75 0.65 0.25 0.78 0.06 
22.00 0.64 0.25 0.79 0.05 
22.25 0.62 0.25 0.83 0.04 
22.50 0.61 0.25 0.84 0.04 
22.75 0.60 0.25 0.86, 0.03 
23.00 0.59 0.25 0.88 0.03 
WEED HILL AVE I WEED HILL TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN 6TIME F (1- MEAN RES. TlME DATE TlME 
TlME F RES. Cl TlME F RES. . Cl (br) VALUE FVALUE)*6TlME (hr) (mgIL) TlME (mgIL) (mgIL) T:;:: (mg/L) (hours) (brl (hours) 
23.25 0.59 0.25 0.88 0.03 
23.50 0.59 0.25 0.88 0.03 
23.75 0.59 0.25 0.88 0.03 
24.00 0.58 0.25 0.90 0.03 
24.25 0.58 0.25 0.90 0.03 
24.50 0.57 0.25 0.91 0.02 
24.75 0.56 0.25 0.93 0.02 
25.25 0.56 0.50 0.93 0.03 
25.50 0.55 0.25 0.95 0.01 
25.75 0.55 0.25 0.95 0,01 
26.00 0.54 0.25 0.97 0,01 
26.25 0.53 . 0.25 0.98 0.00 
26.50 0.52 0.25 1.00 0.00 
40;50 0.52 14.00 1.00 0.00 
40.75 0.54 0.25 0.97 0,01 
41.00 0.56 0.25 0.93 0.02 
41.25 0.57 0.25 0.91 0.02 
41.50 0.58 0.25 0.90 0.03 
41.75 0.59 0.25 0.88 0.03 
42.00 0.59 0.25 0.88 0.03 
42.25 0.58 0.25 0.90 0.03 
42.50 0.58 0.25 0.90 0.03 
42.75 0.57 0.25 0.91 0.02 
43.00 0.58 0.25 0.90 0.03 
43.25 0.60 0.25 0.86 0.03 
43.50 0.62 0.25 0.83 0.04 
43.53 0.62 0.03 0.83 0,01 
43.75 0.63 0.22 0.81 0.04 
44.00 0.64 0.25 0.79 0.05 
44.25 0.64 0.25 0.79 0.05 
44.50 0.65 0.25 0.78 0.06 
WEED HILLA VE tWEED HILL TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TIME TIME F RES. CI TIME F RES. CI (br) VALUE FV ALUE)*ATIME (br) (mg/L) TIME (mgIL) (mgIL) TIME (mg/L) (bours) (br) (bours) (br) 
45.00 0.65 0.50 0.78 0.11-
45.25 0.64 0.25 0.79 0.05 
45.50 0.64 0.25 0.79 0.05 
45.75 0.63 0.25 0.81 0.05 
46.00 0.62 0.25 0.83 0,04 
46.25 0.62 0.25 0.83 0.04 
46.50 0.61 0.25 0.84 0,04 
46.75 0.60 0.25 0.86 0.03 
47.00 0.59 0.25 0.88 0.03 
47.25 0.58 0.25 0.90 0.03 
47.50 0.57 0.25 0.91 0.02 
47.75 0.56 0.25 0.93 0.02 
48.00 0.55 0.25 0.95 O.oI 
48.25 0.54 0.25 0.97 O.oI 
48.50 0.54 0.25 0.97 O.oI 
48.75 0.53 0.25 0.98 0.00 
49.50 0.53 0.75 0.98 O.oI 
49.75 0.54 0.25 0.97 0.01 
50.00 0.54 0.25 0.97 O.oI 
50.25 0.55 0.25 0.95 0.01 
50.50 0.56 0.25 0.93 0.02 
50.75 0.57 0.25 0.91 0.Q2 
51.00 0.56 0.25 0.93 -0.02 
51.25 0.53 0.25 0.98 0.00 
51.50 0.52 0.25 1.00 0.00 
66.00 0.52 14.50 1.00 0.00 
66.25 0.54 0.25 0.97 0.01 
66.50 0.55 0.25 0.95 0.01 
66.75 0.56 025 0.93 0.02 
67.00 0.58 0.25 0.90 0.03 
67.25 0.61 0.25 0.84 0.04 
KITCHENS BY DEANE (CONT'D) 
Field Model 
ELAPSED l\IEAN ELAPSED l\IEAN JiTIl\IE F (1. MEAN RES. TIllIE DATE TIl\IE F RES. CI F RES. el TIl\IE (mgIL) TIl\IE (mgIL) TIl\IE (mgIL) T~ (mgIL) (br) VALUE FV ALUE)*<l.TIl\IE (hr) (bours) (br) (hours) 
25.50 0.66 0.25 0.92 0.02 
25.75 0.64 0.25 0.95 0.01 
27.82 0.64 2.07 0.95 0.11 
27.85 0.63 0,03 0.97 0.00 
























ELAPSED MEAN ELAPSED MEAN "TIME F (1- MEAN RES. TIME DATE TIME TIllIE F RES. CI TIME F lIES. CI (br) VALUE FV ALUE)*"TIME (br) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (bour.) Ihr) (hours) Ihr) 
811112003 10:55 0.67 0.94 50.00 0.05 0.00 1.00 55.75 0.02 0.00 0.18 0.00 55.75 
811112003 12:20 2.08 0.95 68.00' 1.00 67.75 0.18 55.43 
811112003 13:25 3.17 0.97 68.25 1.01 0.25 0.16 0.21 
811112003 14:20 4.08 0.96 68.50 1.09 0.25 0.02 0.25 
811112003 15:10 4.92 0.99 69.00 1.09 0.50 0.02 0.49 
811112003 17:08 6.88 1.04 69.25 LIS 0.25 -0.09 0.27 
811112003 18:44 8.48 1.02 69.50 LIS 0.25 -0.09 0.27 
811112003 20:15 10.00 1.02 69.75 0.80 0.25 0.55 0.11 
811112003 21:09 10.90 1.02 70.00 0.66 0.25 0.80 0.05 
811112003 22:20 12.08 1.04 70.25 0.61 0.25 0.89 0.03 
8/1212003 1:35 15.33 1.02 70.50 0.61 0.25 0.89 0.03 
811212003 3:00 16.75 1.04 70.75 0.60 0.25 0.91 0.02 
8/1212003 4:00 17.75 1.00 71.00 0.59 0.25 0.93 0.02 
811212003 5:30 19.25 1.01 71.25 0.58 0.25 0.95 0.01 
811212003 6:25 20.17 1.01 71.50 0.58 0.25 0.95 0.01 
811212003 7:25 2L17 0.97 71.75 0.56 0.25 0.98 0.00 
811212003 11:23 25.13 1.01 73.25 0.56 1.50 0.98 0.03 
811212003 13:30 27.25 1.01 73.50 0.55 0.25 1.00 0.00 
811212003 15:14 28.98 1.03 74.50 0.55 1.00 1.00 0.00 
811212003 18:55 32.67 1.02 74.75 0.57 0.25· 0.96 0.01 
811212003 21:35 35.33 0.98 75.00 0.59 0.25 0.93 0.02 
8/1312003 9:45 47.50 0.90 75.25 0.74 0.25 0.65 0.09 
811312003 12:00 49.75 0.88 75.50 0.95 0.25 0.27 0.18 
8/1312003 18:20 55.75 0.84 75.75 1.15 0.25 -0.09 0.27 
8/1312003 20:00 57.75 0.83 76.00 Ll6 0.25 -0.11 0.28 
811312003 22:05 59.83 0.91 76.25 Ll6 0.25 -0.11 0.28 
8/1412003 9:30 71.25 0.73 76.50 LIS 0.25 -0.09 0.27 
8/1412003 12:23 74.13 0.65 76.75 Ll1 0.25 -0.02 0.25 
8/1412003 14:53 76.63 0.62 77.25 Ll1 0.50 -0.02 0.51 
811412003 8:05 93.83 0.75 77.50 1.09 0.25 0.02 0.25 
77.75 1.08 0.25 0.04 0.24 
WEED HILL AVE lWEED HILL TANK (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "'TIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI TIME (mg/L) TIME (mg/L) TIME (mg/L) ~':: (mg/L) (br) VALUE FV ALUE)*"'TIME (br) (bours) (br) (bours) 
67.50 0.63 0.25 0.81 0.05 
67.53 0.63 0.03 0.81 0.01 
67.75 0.64 0.22 0.79 0.05 
68.00 0.65 0.25 0.78 0.06 
6825 0.65 0.25 0.78 0.06 
68.50 0.66 0.25 0.76 0.06 
69.00 0.66 0.50 0.76 0.12 
69.25 0.65 0.25 0.78 0.06 
69.50 0.64 0.25 0.79 0.05 
69.75 0.63 0.25 0.81 0.05 
70.00 0.62 0.25 0.83 0.04 
70.25 0.61 0.25 0.84 0.04 
70.50 0.60 0.25 0.86 0.03 
70.75 0.59 0.25 0.88 0.03 
71.00 0.58 0.25 0.90 0.03 
71.25 0.57 0.25 0.91 0,02 
71.50 0.56 0.25 0.93 0.02 
71.75 0.54 0.25 0.97 0.01 
72.00 0.54 025 097 0.01 
'72.25 0.53 0.25 0.98 0.00 
73.00 0.53 0.75 0.98 O.oJ 
73.25 0.52 0.25 1.00 0.00 
85.75 0.52 12.50 1.00 0.00 
COLONIAL ROAD 
Field Model 
ELAPSED MEAN ELAPSED lIlEAN "'TIME F (1- MEAN RES. TIME DATE TIME F RES. CI F RES. CI TIME (mg/L) TIME (mg/L) TIME (mgIL) TIllIE (mgIL) (br) VALUE FV ALUE)*"'TIME (br) (bour.) (br) (bours) (br) 
811112003 12:35 2.33 1.19 14.80 0.35 0.00 1.10 19.16 0.36 0.00 0.00 0.00 19.16 
COLONIAL ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TiME DATE TIME TIME F RES. CI TIME F RES. CI (br) VALUE FVALUE)*ATIME (br) 
(bour.) (mgIL) TIME (mgIL) (hours) (mgIL) TiME (mgIL) (br) (b.:j-
8/1112003 13:50 3.58 1.00 9.75 1.10 9.50 0.00 9.50 
8/1112003 15:41 5043 1.16 10.00 1.09 0.25 0.02 0.25 
8/1112003 16:56 6.68 1.14 10.25 1.08 0.25 0.04 0.24 
8/1112003 18:16 8.02 1.14 10.50 1.08 0.25 0.04 0.24 
8/1112003 19:45 9.50 1.11 10.75 1.06 0.25 0.08 0.23 
811112003 20:35 10.33 1.10 11.00 1.06 0.25 0.08 0.23 
8/1112003 21:31 11.27 1.04 11.25 1.05 0.25 0.10 0.23 
8/1112003 22:15 12.00 1.04 11.50 1.05 0.25 0.10 0.23 
8/1112003 23:00 12.75 1.01 11.75 1.03 0.25 0.14 0.22 
8/1212003 1:00 14.75 1.00 12.00 1.03 0.25 0.14 0.22 
8/1212003 1:50 15.58 0.92 12.25 1.02 0.25 0.16 0.21 
8/1212003 3:15 17.00 0.93 15.25 1.02 3.00 0.16 2.53 
8/1212003 4:15 18.00 0.94 15.50 .1.01 0.25 0.18 0.21 
8/1212003 5:35 19.33 0.95 15.75 1.00 0.25 0.20 0.20 
8/1212003 6:30 20.25 0.88 16.00 0.99 0.25 0.22 0.20 
8/1212003 9:05 22.83 0.68 16.50 0.99 0.50 0.22 0.39 
811212003 10:00 23.75 0.63 16.75 0.98 0.25 0.24 0.19 
811212003 10:55 24.67 0.62 17.00 0.97 0.25 0.25 0.19 
8/1212003 12:57 26.70 0.58 17.25 0.96 0.25 0.27 0.18 
8/1212003 13:50 27.58 058 17.50 0.96 0.25 0.27 0.18 
8/1212003 14:40 28.42 0.59 17.75 0.95 0.25' 0.29 0.18 
8/1212003 16:30 30.25 0.59 18.00 0.94 0.25 0.31 0.17 
8/1212003 20:35 34.33 0.56 18.25 0.94 0.25 0.31 0.17 
8/1212003 23:00 36.75 0.55 18.50 0.92 0.25 0.35 0.16 
8/1312003 8:20' 46.08 0048 18.75 0.91 0.25 0.37 0.16 
19.00 0.91 0.25 0.37 0.16 
19.25 0.90 0.25 0.39 0.15 
19.50 0.89 0.25 .0.41 0.15 
19.77 0.89 0.27 0041 0.16 
20.00 0.88 0.23 0.43 0.13 
20.25 0.88 0.25 0.43 0.14 
I 
COLONIAL ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (1- MEAN RES. TIME DATE TIME TIME F RES. CI TIME F RES. CI (br) VALUE FVALUE)·"TIME (br) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (bours) (br) (bours) (br) 
20.50 0.85 0.25 0.49 0.13 
20.75 0.84 0.25 0.5\ 0.12 
21.00 0.83 0.25 0.53 0.12 
21.25 0.8\ 0.25 0.57 0.11 
21.50 0.80 0.25 0.59 0.10 
21.75 0.79 0.25 0.6\ 0.10 
22.00 0.77 0.25 0.65 0.09 
22.25 0.77 0.25 0.65 0.09 
22:50 0.76 0.25 0.67 0.08 
22.75 0.75 0.25 0.69 0.08 
23.00 0.75 0.25 0.69 0.08 
23.25 0.74 0.25 0.71 0.07 
23.50 0.74 0.25 0.71 0.07 
23.75 0.73 0.25 0.73 0.07 
24.00 0.71 0.25 0.76 0.06 
24.25 0.70 0.25 0.78 0.05 
24.50 0.70 0.25 0.78 0.05 
24.75 0.69 0.25 0.80 0.05 
25.00 0.69 0.25 0.80 0.05 
25.25 0.68 0.25 0.82 0.04 
25.50 0.68 0.25 0.82 0.Q4 
25.75 0.67 0.25 0.84 0:04 
26.00 0.67 0.25 0.84 0.04 
26.25 0.66 0.25 0.86 0.03 
26.50 0.66 0.25 0.86 0.03 
26.75 0.65 0.25 0.88 0.03 
27.88 0.65 1.13 0.88 0.13 
28.00 0.64 0.12 0.90 0.01 
28.25 0.63 0.25 0.92 0.02 
29.25 0.63 1.00 0.92 0.08 
29.50 0.61 0.25 0.96 om 
COLONIAL ROAD (CONI' D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIME F (1- MEAN RES. TlME DATE TlME F RES. CI CI TlME TlME F RES. (br) VALUE FVALUE)*"TlME (br) 
(bours) (mgIL) Tf: (mgIL) (bours) (mgIL) ~~ (mgIL) 
30.25 0.61 0.75 0.96 0.03 
30.50 0.60 0.25 0.98 0.00 
33.75 0.60 3.25 0.98 0.06 
34.00 0.59 025 1.00 0.00 
45.00 0.59 11.00 1.00 0.00 
45.25 0.58 0.25 1.02 0.00 
85.75 0.58 40.50 1.02 -0.79 
SCOFIELDTOWN ROAD 
Field Model 
ELAPSED MEAN ELAPSED MEAN "TIllIE F (1- MEAN RES. TlME DATE TIME F RES. Ci RES. Cl TIME TlME F (br) VALUE FVALUE)*"TlME (br) (mgIL) TlME (mgIL) (mgIL) TIME (mgIL) (bours) lbr) (bours) -iiir) 
811112003 10:35 0.33 1.02 5.50 0.58 0.00 1.20 3.69 0.94 0.00 0.00 0.00 3.69 
811112003 11:50 1.58 1.05 2.75 1.20 2.50 0.00 2.50 
811112003 13:00 2.75 1.30 3.00 1.21 0.25 -0.01 0.25 
811112003 14:10 3.92 1.26 3.50 1.21 0.50 -0.01 0.51 
811112003 15:00 4.75 1.23 3.75 1.13 0.25 0.10 0.23 
81I112003 16:37 6.37 1.06 4.00 1.00 0.25 0.28 0.18 
811112003 18:02 7.78 0.74 4.25 0.91 0.25 0.41 0.15 
811112003 19:38 9.38 0.57 4.50 0.85 0.25 0.49 0.13 
811112003 21:15 11.00 0.48 4.75 0.78 0.25 0.59 0.10 
5.00 0.71 0.25 0.69 0.08 
5.25 0.67 0.25 0.75 0.06 
5.50 0.63 0.25 0.80 0.05 
5.75 0.61 0.25 0.83 0.04 
6.00 0.58 0.25 0.87 0.Q3 
6.25 0.58 0.25 0.87 0.03 
6.50 0.54 0.25 0.93 0.02 
6.75 0.53 0.25 0.94 0,0] 
SeOFIELDTOWN ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN tiTlME F (1- MEAN RES. TIME DATE TIllIE TIME F RES. el TIME F RES. el (hr) VALUE FV ALUE)*ATIME (hr) (mgIL) TIME (mgIL) (mgIL) TIME (mgIL) (hours) Ibr) (hours) Ibr) 
8.25 0.53 1.50 0.94 0.08 
8.50 0.49 0.25 1.00 0.00 
20.75 0.49 12.25 1.00 0.00 
. 21.00 0.48 0.25 1.01 0.00 
85.75 0.48 ~.75 1.01 ·0.91 
BRIAR BRAE ROAD' 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIlIIE F (1- MEAN RES. TIME DATE TIME TIllIE F RES. el TIllIE F RES. C\ (hr) VALUE FVALUE)*ATIME (br) (mgIL) TIllIE (mgIL) (mgIL) TIllIE (mgIL) (hour.) Ibr) (hours) Ibr) 
8/1112003 10:45 0.50 1.17 9.\0 0.55 0.00 1.20 6.80 0.77 0.00 0.00 0.00 6.80 
8/1112003 12:00 1.75 1.04 6.00 1.20 5.75 0.00 5.75 
8/1112003 13:10 2.92 1.15 6.25 1.21 0.25 ·0.01 0.25 
8/1112003 .14:20 4.08 U5 7.00 1.21 0.75 ·0.01 0.76 
8/1112003 15:10 4.92 1.15 7.25 1.04 0.25 0.24 0.19 
8/1112003 16:53 6.63 1.15 7.50 0.95 0.25 0.37 0.16 
8/1112003 18:15 8.00 1.15 7.75 0.89 0.25 0.46 0.13 
8/1112003 19:50 9.58 1.13 8.00 0.81 . 0.25 0.58 0.10 
8/1112003 21:25 11.17 1.06 8.25 0.74 0.25 0.69 0.08 
8/1112003 22:10 11.92 0.96 8.50 0.73 0.25 0.70 0.07 
8/1212003 . 0:30 14.25 0.73 8.75 0.70 0.25 0.75 0.06 
8/1212003 2:10 15.92 0.64 9.00. 0.66 0.25 0.81 0.05 
811212003 3:25 17.17 0.60 9.03 0.66 0.03 0.81 0,01 
8/1212003 4:50 18.58 0.57 9.05 0.65 0.02 0.82 0.00 
8/1212003 5:45 19.50 0.50 9.08 0.63 0.Q3 0.85 0.00 
811212003 6:45 20.50 0.49 '9.10 0.62 0.02 0.87 0.00 
811212003 10:43 .24.47 0.51 9.13 0.61 0.03 0.88 0.00 
811212003 12:54 26.65 0.49 9.50 0.61 0.37 0.88 0.04 
811212003 .14:38 28.38 0.48 9.75 0.60 0.25 0.90 0.Q3 
BRIAR BRAE ROAD (eONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN ATIME F (1- MEAN RES. TIME DATE TillIE 
TillIE F RES. el TillIE F RES. el (br) VALUE FVALUE)*ATIME (br) (mg/L) TIME (mgIL) (mgIL) TIME (mgIL) (bours) (br) (hours) Ibr) 
10.00 0.S7 0.25 0.94 0.01 
11.50 0.57 1.50 0.94 0.09 
11.75 0.53 0.25 1.00 0.00 
23.75 0.53 12.00 1.00 0.00 
24.00 0.50 0.25 1.04 -0.01 
85.75 0.50 61.75 1.04 -2.76 
GIOV ANNl'S MARKET 
FIeld Model 
ELAPSED MEAN ELAPSED ,MEAN ATIME F (1- MEAN RES. TIME DATE TIME 
TIME F RES. el TIME F RES. el (hr) VALUE FVALUE)*ATIllIE (br) (mg/L) ~ (mg/L) (mgIL) TIME (mg/L) (hours) (hours) (hr) 
8/1112003 11:00 0.75 1.26 24.80 0.28 0.00 1.20 18.79 0.42 0.00 0.00 0.00 18.79 
8/1112003 12:15 2.00 1.25 17.25 1.20 17.00 0.00 17.00 
8!1112003 13:25 3.17 1.21 17.50 1.21 0.25 -0.01 0.25 
8/1112003 14:30 4.25 1.23 18.00 1.21 0.50 -0.01 0.51 
8/1112003 15:20 5.08 1.17 18.25 1.13 0.25 0.10 0.22 
8/1112003 17:18 7.05 1.21 18.50 0.99 0.25 . 0.31 0.17 
8/1112003 18:25 8.17 1.22 18.75 0.91 0.25 0.43 0.14 
8/1112003 20:00 9.75 1.28 19.00 0.84 0.25 0.54 0.12 . 
8/1112003 21:35 11.33 1.25 19.25 0.79 0.25 0.61 0.10 
8/1112003 22:25 12.17 1.24 19.50· 0.77 0.25 0.64 0.09 
811212003 0:50 14.58 1.17 19.75 0.73 0.25 0.70 0.07 
811212003 2:25 16.17 1.21 19.77 0.73 0.02 0.70 0.01 
8/1212003 3:40 17.42 1.21 20.00 0.69 0.23 0.76 0.05 
8/1212003 5:00 18.75 1.20 20.25 0.64 0.25 0.84 0.04 
811212003 6:00 19.75 1.19 20.50 0.64 0.25 0.84 0.04 
8/1212003 '6:55 20.67 1.21 20.75 0.61 0.25 0.88 0.03 
8/1212003 10:55 24.67 1.21 21.00 0.60 0.25 0.90 0.03 
811212003 13:02 26.78 1.18 22.25 0.60 1.25 0.90 0.13 
GIOVANNI'S MARKET (eONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN 6TIME F (1- MEAN RES. TIME DATE TIME 
TIME .F REB. el TIME F REB. el (hr) VALUE FV ALUE)'6TIME (h,) (mgIL) Tf:: (mgIL) (mgIL) TIME (mgIL) (hours) (hours) Ibrl 
811212003 14:47 28.53 1.11 22.50 0.56 0.25 0.96 0.01 
811212003 18:15 32.00 0.96 34.50 0.56 12.00 0.96 0.54 
811212003 22:15 36.00 0.64 34.75 0.53 0.25 1.00 0.00 
811312003 10:15 48.00 0.44 85.75 0.53 51.00 LOO 0.00 
8/1312003 12:30 50.25 0.42 
RlVERBANKROAD 
Field Model 
ELAPSED MEAN ELAPSED MEAN 6TIME F (1- MEAN REB. TIME DATE TIME 
TIME F REB. el TIME F REB. el (h,) VALUE FVALUE)*6TIME (hr) (mgIL) TIME (mgIL) (mgIL) T;::E (mgIL) (hours) (hr) (hours) If) 
811112003 11:30 1.25 1.43 41.10 0.09 0.00 1.20 42.17 0.16 0.00 0.00 0.00 42.17 
811112003 13:30 3.25 1.38 34.25 1.20 34.00 0.00 34.00 
811112003 14:35 4.33 1.38 34.50 1.21 0.25 -0.01 0.25 
811112003 17:34 7.32 1.31 35.00 1.21 0.50 . -0.01 0.51 
811112003 18:35 8.33 1.32 35.25 1.09 0.25 0.15 0.21 
811112003 20:15 10.00 1.33 35.50 1.00 0.25 0.27 0.18 
811112003 21:45 11.50 1.32 35.75 0.93 0.25 0.36 0.16 
811112003 22:35 12.33 1.32 36.00 0.86 0.25 0.45 0.14 
811212003 1:00 14.75 1.31 36.25 0.79 0.25 0.55 0.11 
811212003 2:30 16.25 1.32 36.50 0.78 0.25 0.56 0.11 
811212003 5:05 18.83 1.26 36.75 0.76 0.25 0.59 0.10 
811212003 6:05 19.83 1.25 37.00 0.71 0.25 0.65 0.09 
811212003 7:05 20.83 1.20 37.25 0.65 025 0.73 0.07. 
811212003 11:02 24.78 1.16 37.50 0.65 0.25 0.73 0.07 
811212003 13:10 26.92 1.19 37.75 0.63 0.25 0.76 0.06 
811212003 14:54 .28.65 1.14 38.00 0.62 0.25 0.77 0.06 
811212003 18:25. 32.17 . 1.06 39.50 '0.62 1.50 0.77 0.34 
811212003 22:05 35.83 1.07 39.75 0.60 0.25 0.80 0.05 
811312003 10:05 47.83 1.07 40.00 0.57 0.25 0.84 0.04 
RIVERBANK ROAD (CONT'D) 
Field Model 
ELAl'SED MEAN ELAPSED MEAN aTII\1E .F (1- MEAN RES. TII\1E DATE TII\1E TII\1E F RES. CI TII\1E F RES. CI (br) VAWE FVALUE)*aTIl\1E (br) (mgIL) TII\1E (mgIL) (mg/L) TIME (mgIL) (bours) (br) (bours) (br) 
811312003 12;25 50.17 . 1.07 50.50 0.57 10.50 0.84 1.68 
811312003 17;20 55;08 1.19 50.75 0.55 0.25 0.87 0,03 
811312003 20;30 58.25 0.98 85.75 0.55 35.00 0.87 4.67 
811312003 22;35 60.33 1.04 
811412003 8;50 70.58 0.53 
811412003 12;00 73.75 .0.48 
811412003 14;30 76.25 0.47 
811412003 19;52 81.62 0.47 
RIDGECREST ROAD 
Field Model 
ELAl'SED MEAN ELAPSED MEAN aTIME F (1- MEAN RES. TIME DATE TII\1E TII\1E F RES. CI TII\1E F RES. CI (br) VALUE FV ALUE)*aTII\1E (br) (mgIL) T~ (mg/L) (mgIL) TII\1E (mg/L) (bours) (bours) 
-liIrl 
811112003 11;15 1.00 0.98 45.70 0.06 0.00 1.20 48.31 0,07 0.00' . 0.00 0.00 48.31 
811112003 13;35 3.33 1.03 47.00 1.20 46.75 0.00 46.75· 
811112003 14;45 4.50 1.03 47.25 1.2\ 0.25 ·0.02 0.25 
811112003 17;45 7.50 1.06 47.50 1.21 0.25 ·0.02 0.25 
811112003 18;40 8.42 1.04 47.75 1.10 0.25 0.16 0.21 
811112003 20;23 10.13 1.04 48.00 1.01 0.25· 0.30 0.17 
811112003 21;55 11.67 1.06 48.25 0.95 0.25 0.40 0.15 
811112003 22;40 12.42 1.03 48.50 0.88 0.25 0.51 0.12 
811212003 1;10 14.92 1.04 48.75 0.80 0.25 0.63 0.09 
811212003 2:40 16.42 W6 49.00 0.77 0.25 0.68 0.08 
811212003 5;\5 19.00 1.08 49.25 0.74 0.25 0.73 0,07 
811212003 6;15 20.00 1.08 49.50 0.67 0.25 0.84 0.04 
811212003 7;15 21.00 1.06 49.75 0.67 0.25 0.84 0.Q4 
811212003 11:10 24.92 1.17 50.00 0.65 0.25 0.87 0.03 
811212003 13:18 27.05 1.15 50.25 0.63 0.25 0.90 0.02 
811212003 15;02 28.78 1.17 51.75 0.63 1.50 0.90 0.14 
RIDGECREST ROAD (CONT'D) 
Field Model 
ELAPSED MEAN ELAPSED MEAN <l.TIME F (1- MEAN RES. TiME DATE TiME 
TiME F RES. CI TiME F RES. CI (br) VALUE FVALUE)*<l.TIME (br) (mgIL) TiME (mgIL) (mgIL) TiME (mgIL) (bours) Ibr) (bour.) Ibr) 
8/1212003 18:40 32.42 1.08 52.00 0.60 0.25 0.95 0.01 
8/1212003 22:00 35.75 1.08 52.25 0.59 0.25 0.97 0,01 
811312003 10:00 47.75 1.11 63.75 0.59 11.50 0.97 0.37 
8/1312003 12:15 50.00 1.09 64.00 0.57 0.25 1.00 0.00 
8/1312003 18:50 56.58 1.17 85.75 0.57 21.75 1.00 0.00 
8/1312003 20:20 58.08 1.17 
8/1312003 22:20 60.08 1.25 
8/1412003 9:00 70.75 0.87 
8/1412003 12:05 73.83 0.76 
8/1412003 14:40 76.42 0.68 
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